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I.  INTRODUCTION 

The  aldehydes  are  among  the  compounds  whose  reactions 
have  been  most  extensively  studied,  therefore  it  is  surprising  that 
their  behavior  with  acid  halides  has  received  so  little  attention. 
Since  1857,  when  the  first  paper  on  that  reaction  appeared,  a  number 
of  investigators  have  touched  upon  this  problem,  but  no  very  exten- 
sive study  of  it  was  made.    The  investigation  was  confined  almost 
entirely  to  the  alifatic  series,  and  several  condensations  were  made 
by  the  action  of  various  add  halides  on  formaldehyde,  acetaldehyde, 
and  their  polymers,  showing  that  the  reaction  is  a  general  one  for 
those  two  aldehydes.     The  structure  of  the  addition  product  was 
proved  and  a  few  of  its  reactions  were  noted.     In  the  aromatic  ser- 
ies practically  no  work  was  done.     Benzoyl  chloride  and  benzoyl 
bromide  were  found  to  react  with  benzaldehyde  but  the  structures  of 
the  products  were  not  worked  out,  and  no  study  was  made  of  the  prop- 
erties and  reactions  of  the  substances  formed. 

In  this  laboratory,  this  problem  has  been  the  s\ibject  of 
considerable  investigation  with  the  purpose  of  finding  whether  the 
reaction  is  a  general  one  for  all  aldehydes  and  acid  halides,  to 
prove  the  structures  of  the  substances  formed,  and  to  study  the  ease 
of  formation,  stability,  and  reactions  of  the  products.     In  the  first 
paper  on  this  work^3,  the  proof  of  the  structures  of  the  reaction 
products  is  given  together  with  3ome  general  conclusions  relative  to 
the  stability  of  those  substances.     The  results  of  that  work  indi- 
cated that  the  reaction  is  a  general  one,  although  in  several  cases 
the  products  could  not  be  isolated  because  of  their  instability. 

The  purpose  of  the  present  investigation,  which  has  been 
confined  to  the  aromatic  series,  has  been  first,  to  determine  wheth- 
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er  the  reaction  13  a  general  one, and  whether  the  unstable  reaction 
products  which  cannot  be  isolated  are  simple  addition  products;  and 
second,  to  study  the  ease  of  formation,  stability,  and  reactions  of 
the  substances  formed. 
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II.  HISTORICAL 
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By  the  action  of  chlorine  on  acetaldehyde  in  a  closed 
tube,  Wurtz1  obtained  a  liquid  having  the  empirical  formula  C4H?C102 
He  attributed  its  formation  to  the  int ermediate  polymerization  of 
the  acetaldehyde,  followed  by  the  replacement  of  a  hydrogen  by  a 
chlorine  atom.    Later,  Simpson    obtained  the  same  substance  when  he 
nested  acetyl  chloride  and  acetaldehyde  together  in  a  sealed  tube. 
This  led  him  to  the  belief  that  its  formation  from  the  action  of 
chlorine  in  acetaldehyde  was  due  to  a  preliminary  formation  of  ace- 
tyl chloride  which  then  reacted  with  the  acetaldehyde.     The  corre- 

3 

sponding  bromine  compound,  C^H^BrOg,  was  prepared  by  Tawildarow  , 

4 

by  heating  acetyl  bromide  and  acetaldehyde  in  a  sealed  tube.  Schiff 
finally  proved  that  the  substance  C4H7C1(^  waso<  chlor  ethyl  acetate, 
CHjCHCl.O.  CO.  CH3,   for  on  treatment  with  potassium  acetate,  it  yield- 
ed  ethylidene  diacetate,  a  toown  compound  .     Franchimont    found  that 
the  same  addition  compound  could  be  prepared  by  heating  acetyl  chlor- 
ide and  paraldehyde  together  in  a  sealed  tube.    A  number  of  analo- 
gous  compounds  -vere  prepared  by  Rubencamp'  by  the  action  of  differ- 
ent acid  chlorides  on  acetaldehyde  in  closed  tubes.     The  products 
of  these  reactions  were  treated  with  the  silver  salts  of  fatty  acids 
and  a  series  of  ethylidene  derivatives  homologous  to  the  ethylidene 
diacetate  prepared  by  Schiff4  were  obtained.     The  following  table 
represents  Rubencamp1  3  work: 
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Addition 
Pr  oduct 

B.P. 

Treated 
with 

Product  Obtained 

B.P. 

acetaldehyde  121.5°      silver         ethylidene  diacetate  168.4* 

acetyl  chloride  acetate 


acetaldehyde 
acetyl  chloride 

121.5° 

silver 
propion- 
ate 

ethylidene  acet- 
pr opionat e 

178.6° 

acetaldehyde 
propionyl  chlor- 
ide 

135° 

silver 
acetate 

ethylidene  propion- 
acetate 

178.7° 

acetaldehyde 
pripionyl  chlor- 
ide 

135° 

silver 

r>ror>ion- 
ate 

ethylidene  diprop- 
ionate 

192.2° 

acetaldehyde 
acetyl  chloridfl 

121.5° 

silver 
butyra te 

ethylidene  acet- 
butyrat e 

192.4° 

acetaldehyde  149°         silver         ethylidene  butyr-  192.8° 

butyryl  chloride  acetate  acetate 


acetaldehyde 

149° 

silver 

ethylidene  dibutryate 

215.5° 

butyryl  chloride 

butyr ate 

acet^ld ehyde 

121.5° 

silver 

ethylidene  acet -valer- 

194- 

acetyl  chloride 

valerate 

ate 

199° 

acetaldehyde 

162° 

silver 

ethylidene  valer -ace- 

194- 

valeryl  chloride 

acetate 

tate 

199° 

acetaldehyde  162°         silver         ethylidene  div'lerate  225° 

valeryl  chloride  valerate 


Henry    found  that  when  polyoxym ethylene  was  heated  with 

acetyl  chloride  in  a  closed  tube,  the  substance  CHgCl.O. CO. CH3  was 

produced.    Acetyl  bromide  was  found  to  react  more  readily  than  the 

acetyl  chloride,  yielding  the  corresponding  bromine  compound.  These 

substances  were  unstable,  and  reacted  readily  with  water,  producing 

acetic  acid,  formaldehyde,  and  halogen  acid. 

The  action  of  benzoyl  chloride  on  the  higher  alifatic 

q 

aldehydes  and  ketones  was  studied  by  Lees  ,  who  found  that  the  re- 
action here  was  more  complex,  due  to  the  tendency  of  the  addition 
compound  to  loss  halogen  acid.     In  the  cose  of  ketones,  halogen  acid 
can  be  eliminated  in  two  ways,  but  he  was  unable  to  determine  which 
isomer  was  obtained.     Thus,  the  condensation  product  of  methyl  n- 
nonyl  ketone  a,nd  benzoyl  chloride  split  out  hydrochloric  acid  and 
produced  an  unsaturated  compound  according  to  the  reaction: 

C9H3_g.CO.CH3  fC6H5C0Cl-»C8H17CH2-C-0.C0.C6H5  or 

CH2 

C8H17CH=C-0-C0-CgH5  f  KC1 
CH3 

Analogous  reactions  were  obtained  with  benzoyl  chloride  and  methyl 
n-butyl  ketone,  methyl  sec.  hexyl  ketone,  methyl  n-heptyl  ketone, 
acetophenone,  camphor,  and  heptaldehyde.    With  the  last  three  sub- 
stances hydrochloric  acid  can  split  out  in  only  one  way,  so  that 
substances  of  known  structure  were  obtained.    The  action  of  benzoyl 
chloride  on  acetone  and  on  methyl  n-propyl  ketone  was  tested,  but 
although  the  mixtures  xvere  refluxed  for  some  time,  there  was  no  re- 
action.   He  explained  this  failure  to  react  by  saying  that  the  boil- 
ing points  of  the  mixtures  were  below  the  t emperatur es  necessary  for 

reaction  to  take  place. 

A  study  of  the  catalytic  action  of  anhydrous  zinc  chlor- 


ide  on  the  addition  of  aoid  halides  to  aldehydes  was  made  by  Descude, 
who  found  that  it  had  a  very  decided  effect  in  increasing  the  speed 
of  the  reaction.     For  example,  Descude  found  that  the  addition  of  a 
small  piece  of  anhydrous  zinc  chloride  to  a  mixture  of  acetyl  chlor- 
ide and  paraldehyde  caused  a  vigorous  reaction  to  take  place  at  once, 
while  Franc  hi  inont    heated  the  same  mixture  in  a  sealed  tube  in  order 
to  get  a  reaction.    In  the  same  way,  a  small  piece  of  zinc  chloride 
added  to  a  mixture  of  polyoxymethylene  and  acetyl  chloride  caused 

g 

an  immediate  reaction,  whereas  Henry  found  it  necessary  to  heat  the 
two  substances  in  a  closed  tube.  Descude  found  the  catalytic  effect 
of  zinc  chloride  was  very  great  in  reaction  mixtures  containing  aro- 
matic acid  chlorides.  Thus,  benzoyl  chloride  had  no  action  of  poly- 
oxymethylene when  the  two  were  refluxed  together,  but  the  addition 
of  a  small  piece  of  anhydrous  zinc  chloride  caused  a  very  smooth  re- 
action to  take  place  at  the  temperature  of  a  water  bath. 

A  number  of  addition  compounds  of  various  aromatic  and 
alifatic  acid  chlorides  and  polyoxymethylene  were  prepared  by  Des- 
cude.   These  products  were  then  converted  into  methylene  di-esters 
by  heating  them  above  160°  with  the  potassium  salts  of  different  ac- 
ids.   Descude' s  work  is  represented  by  the  following  table: 
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Addition  Product 

Treated  With 

Product  Obtained 

polyoxymethyl ene 
o— toluvl  chloride 

potassium 
o— toluat e 

methylene  ditoluate  (o) 

polyoxyuaethylene 
ra-toluyl  chloride 

potassium 
m— toluat  e 

methylene  ditoluate  (m) 

polyoxyraethylene 
o— toluvl  chloride 

potassium 
is—  toluat  e 

methylene  ditoluate  (p) 

polyoxym ethyl ene 
propionyl  chloride 

potassium 
propionat  e 

methylene  dipropionate 

polyoxymethyl ene 
isobutyryl  chloride 

potassium 
i  sobutyrat  e 

methylene  dibutyrat e( iso) 

polyoxymethyl ene 
n-butyryl  chloride 

potassium 
n-butyrat e 

methylene  dibutyrat e  (n) 

polyoxym  ethyl  ene 
isov^leryl  chloride 

potassium 
iso  valerate 

methylene  divalerat e(iso) 

polyoxyraethylene 
n-valeryl  chloride 

potassium 
n -valerate 

methylene  divalerate  (n) 

polyoxymethyl ene 
phenyl  acetyl  chloride 

potassium 
phenyl  acetate 

methylene  diphenyl  ace- 
tate 
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The  action  of  acid  chlorides  on  ketones  in  the  presence 
of  anhydrous  zinc  chloride  was  also  investigated  by  Descude,  who 
found  that  simple  addition  compounds  were  never  formed.  Thus,  two 
moles  of  acetone  and  one  of  acetyl  chloride  reacted  to  rrive  mesityl 
oxide,  and  if  three  moles  of  acetone  were  used,  phorone  was  produced. 
The  presence  of  the  acid  chloride  was  essential,  and  Descude  explain- 
ed its  function  as  follows: 
ch3n  CH3 

/CO  f  OT-C0CH,|-CH,C0C1-^         ^-CHo-CO-CH*  f  CH3C00H 
CH^  3        3      3  /|  2 

3  3  CI 

CH 


CH3 


3^C=CII-C0-CH3h  HC1 


CH3.  /%  CH,  pH, 

>OKK^CO-CH,fOC(  f  2CH-C0C1-*  H3-CH«.  CO.  CH„-C  >2CH-C00H 
W{  3  3      NCH3  3  CH^I  2 


CI 


CH 


CH3 


^  PH3 
/C»CH-CO-CH=C        *-  2HC1. 

ch3x  \mz 

In  the  aromatic  series,  much  less  work  has  been  done. 
WOhler  and  Liebig^,  in  1332,  obtained  a  semi -solid  product  from  the 
action  of  bromine  on  benzaldehyde,  which  they  believed  was  benzoyl 
bromide.     Later,  L.  Claisen1^  prepared  pure  benzoyl  bromide,  and 
found  that  it  reacted  with  benzaldehyde  to  give  the  same  substance 
that  Wflhler  and  Liebig  had  obtained.     Claisen  purified  and  analyzed 
his  product  and  found  its  empirical  formula  to  be  C^4H^0oBr,  and 
suggested  the  following  as  a  possible  structure:  CgHg-CHBr-0-CO-CgHg. 

The  corresponding  chlorine  compound,  C14H11O3CI,  was  pre- 
pared  by  Laurent  and  Gsrhardt      by  the  action  of  chlorine  on  benzal- 
dehyde.    Schiff14  showed  that  the  same  substance  could  be  produced 
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by  the  action  of  benzoyl  chloride  on  benzaldehyde. 

15 

Staudinger  and  Anthes      treated  benzaldehyde  with  ben- 
zoyl iodide,  in  petrol  ether  solution,  and  obtained  an  unstable  sol- 
id which  they  assumed  to  be  iod  benzyl  benzoate.     They  made  no  in- 
vestigation of  the  material,  however. 

The  reactions  of  oxalyl  chloride  with  aromatic  aldehydes 

15 

and  ketones  were  studied  by  Staudinger  and  Anthes    ,  who  found  that 
the  aldehyde  and  ketone  oxygen  was  always  replaced  by  two  chlorine 
atcm3  if  the  mixture  were  heated.    With  benzaldehyde  and  cinnarayl 
aldehyde,  they  were  able  to  isolate  addition  products.     The  benzal- 
dehyde addition  compound  wa3  very  unstable  and  decomposed  readily, 
but  the  cinnamyl  aldehyde  addition  product  was  sufficiently  stable 
to  permit  its  purification  and  analysis.     It  was  found  to  contain 
two  molecules  of  the  aldehyde  to  one  of  the  acid  chloride  so  the 
following  structure  was  assigned  to  it:  C5H5CH: CH. CHC1-0-C0 

C6H5CH: CH. CHC1-0-C0 
Oxalyl  bromide  was  found  to  react  with  benzaldehyde  even 

more  readily  than  oxalyl  chloride,  and  the  product,  which  was  much 
more  stable  than  the  chlorine  compound,  was  found  to  contain  two 
molecules  of  the  aldehyde  to  one  of  the  acid  bromide. 

In  thi3  laboratory,  the  structure  of  the  benzoyl  bromide 
benzaldehyde  addition  product  was  proved  by  Adams  and  Volwiler^  to 
be  CgHgCHBr.O.COCgHg,  for  on  treatment  with  silver  benzoate,  benzyl- 
id  en e  dibenzoate  was  formed.     They  prepared  and  analyzed  a  large 
number  of  condensation  products,  using  substituted  benzaldehydes 
with  substituted  and  u  substituted  benzoyl  halides  and  oxalyl  brom- 
ide.    It  was  found  that  as  a  rule,  negatively  substituted  rings  re- 
act more  slowly  than  the  unsubstituted  or  positively  substituted 
rings.    Acid  chlorides  were  found  to  react  more  slowly  than  the  acid 
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acid  bromides.    Oxalyl  bromide  reacted  with  aromatic  aldehydes  in 
the  ratio  of  two  molecules  of  the  aldehyde  to  one  of  the  acid  brom- 
ide, yielding  addition  compounds  that  were  somewhat  more  stable  than 
the  corresponding  benzoyl  bromide  addition  compound.    Halogen  sub- 
stituted benzoyl  chlorides  seemed  to  have  no  action  on  benzaldeh^d  e. 

The  reactions  of  the  acid  halide-aldehyde  addition  com- 
pounds have  received  but  little  attention,  although  their  behavior 
with  certain  regents  has  been  recorded  in  a  few  instances.  Thus, 
Descude      found  that  methylene  chlor  acetate  reacted  with  ammonia 
or  aniline  to  s:ive  acet  amide  in  the  one  case  and  phenyl  acetamide 
in  the  other.    Potassium  acetate  ^nd  potassium  thiocyanate  simply 
replaced  the  chlorine  by  the  acetate  and  thiocyanate  radicles.  Alco- 
hols were  found  to  react  according  to  the  reaction: 

.OR 

CH2Cl-0-C0.CH3  |-  3R0H  ►  CH3COOR  f  HgC^  ^     f  HC1  f  HgO 

Louis  Henry^7  treated  methylene  chlor  acetate  with  wat  ar,  and  got 
complete  decomposition  into  acetic  acid,  formaldehyde  and  hydrochlor- 
ic acid.     Sulfuric  acid  reacted  to  give  a  substance  which  Henry  be- 
lieved  to  be  CHgCHSO^g.     In  the  work  done  by  Adams  and  Volwiler0  , 
the  behavior  of  cXbrora  benzyl  benzoate  with  ammonia,  primary  aromatic 
amines,  water,  alcohol,  and  silver  benzoate  was  observed.    When  sil- 
ver benzoate  was  used,  the  halogen  was  replaced  by  the  benzoate  rad- 
icle, yielding  benzylidene  dibenzoate.    Primary  aromatic  amines 
yielded  the  hydrobromide3  of  benzylidene  anilines. 

In  the  remaining  cases  the  addition  compound  reacted 
like  a  mere  mixture  of  benzoyl  bromide  and  benzaldehyde.    Thus,  with 
dry  ammonia  gas  in  ether  solution,  b en z amide,  ammonium  bromide,  and 
benzaldehyde  were  obtained.     Water  decomposed  the  compound  with  the 

formation  of  benzoic  acid,  benzaldehyde,  and  hydrobromic  acid.  Al- 
cohol reacted  in  a  similar  manner,   except  that  ethyl  benzoate  rather 
than  benzoic  acid  was  formed.  
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Owing  to  the  fact  that  ths  addition  of  acid  halides  to 
aldehydes  has  received  such  little  attention,  with  the  exception  of 
a  few  isolated  cases,  the  problem  has  been  made  the  subject  of  con- 
siderable investigation  in  this  laboratory,  the  purpose  being  to  de- 
termine the  scope  of  the  reaction,  the  ease  with  which  it  takes  placg 
and  finally  to  study  the  properties  of  the  substances  formed. 

The  addition  of  acid  halides  to  aldehydes  is  a  general 
reaction  in  both  the  aromatic  and  alifatic  series.    Former  investi- 

7  10 

gators  showed  that  acetaldehydef  and  polyoxyra ethylene  would  react 
with  acid  chlorides  in  general,  forming  fairly  stable  addition  pro- 
ducts, but  little  further  work  was  accomplished  in  the  alifatic 

13 

series.    Adams  and  Ulich      finally  showed  that  the  addition  of  ali- 
fatic acid  halides  to  alifatic  aldehydes  and  of  aromatic  acid  hal- 
ides to  alifatic  aldehydes  are  general  reactions.     The  results  of 

the  present  investigation  on  the  action  of  aromatic  acid  halides  on 

?3 

aromatic  aldehydes,  together  with  the  work  of  Adams  and  Volwiler^  , 
demonstrate  tha.t  the  reaction  is  a  general  one  for  this  series  also. 
A  large  number  of  addition  products  were  prepared  from  acid  halides 
and  aldehydes,  most  of  which  had  positive  or  negative  substituents 
in  either  one  or  both  of  the  aromatic  muclei,  although  some  were 
unsubstitut sd.     As  a  rule,  solid  products  were  obtained  from  acid 
bromides,  but  in  a  number  of  cases,  particularly  where  there  were 
positive  substituent3  in  either  ring,  the  substances  formed  wer« 
oils,  and  because  these  decomposed  on  distillation,  even  in  vacuo, 
it  was  impossible  to  isolate  the  simple  addition  products.  When 
treated  with  pyridine,  these  oils  yielded  stable  addition  products, 
a  reaction  which  is  general  for  the  acid  halide-aldehyde  addition 
compounds.     Ths  substances  formed  by  this  treatment  are  crystalline, 
and  are  easily  purified  and  analyzed.     Acid  chlorides  showed  a 
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gr eater  tendency  to  form  oils  than  did  the  acid  bromides.     Thus,  the 
benzoyl  chloride-benzaldehyde  compound  ia  an  oil  while  the  corre- 
sponding bromine  compound  is  a  solid,  melting  at  70°.     Just  a3  when 
oil3  were  obtained  with  acid  bromides,  these  oily  substances  can  be 
isolated  and  analyzed  as  the  pyridine  addition  products.     There  was 
also  3  marked  tendency  on  the  part  of  the  acid  chloride -aldehyde  mix- 
tures to  fail  to  react  completely,  resulting  in  the  formation  of 
mushy  products  from  which  unchanged  acid  chloride  and  aldehyde  can 
be  extracted.     Out  of  eight  solid  acid  chloride-aldehyde  addition 
compounds  which  were  analyzed,  four  were  isolated  from  mixtures  in 
which  the  reaction  did  not  go  to  completion. 

Adam3  and  Volwiler2^  were  unable  to  isolate  addition 
products  from  the  action  of  halogen  substituted  benzoyl  chlorides  on 
benzaldehyde,  but  whether  this  was  due  to  a  failure  to  react,  or 
whether  the  reaction  products  were  oils  was  not  determined.     It  was 
of  interest  to  find  out  if  aromatic  aldehydes  in  general  react  in 
the  same  manner  with  these  acid  chlorides.    Only  one  reaction  of 
this  type  wa3  tried,  that  of  para  brom  benzoyl  chloride  and  para 
brom  benzaldehyde.     The  substances  were  found  to  react  slowly,  giving 
a  semi-solid  product,  from  which  a  stable  addition  compound  melting 
at  124-125°  was  isolated. 

But  while  this  reaction  is  a  general  one,  since  practical 

ly  all  acid  halide3  and  aldehydes  respond,  the  individual  compounds 

differ  greatly  in  the  ease  of  formation.     In  the  alifatic  series,  it 

IS 

has  been  found  necessary  to  heat  the  substances    ,  sometimes  under 
pressure  ,  in  order  to  cause  the  reaction  to  take  place,  but  in  the 
aromatic  series,  it  is  simply  necessary  to  mix  equimolecular  amounts 
of  the  acid  halide  and  aldehyde  and  allow  them  to  stand  at  room 
temperature  in  a  tightly  stoppered  flask  until  solid.    A  thorough 


study  of  the  catalytic  action  of  zinc  chloride  was  not  made,  but  in 
all  of  the  cases  where  it  was  tried,  it  was  found  very  effective. 
For  example,  benzoyl  bromide  and  benzaldehyde  react  at  room  tempera- 
ture to  give  a  solid  product  in  the  course  of  a  couple  of  days,  but 
when  a  piece  of  anhydrous  zinc  chloride  was  added  to  the  mixture, 
they  reacted  with  the  evolution  of  considerable  heat,  and  formed  a 
solid  product  in  from  three  to  four  hours.     Similarly,  the  time  for 
reaction  of  para  iod  benzoyl  bromide  and  benzaldehyde  was  reduced 
from  four  hours  to  forty-five  minutes. 

The  ease  of  reaction  is  materially  affected  by  different 
substituents  in  the  acid  halide  and  aldehyde  muclei.     Thus,  it  re- 
quired 100  hours  for  a  mixture  of  3-5  dinitro  benzoyl  bromide  and 
ortho  brom  benzaldehyde  to  solidify,  while  para  nitro  benzoyl  bromide 
and  anisic  aldehyde  solidified  in  five  minutes.     Symmetrical  dinitro 
benzoyl  bromide  gave  a  solid  product  with  para  brom  benzaldehyde  in 
two  hours,  and  with  benzaldehyde  in  one  hour,  while  anisic  aldehyde 
required  but  twenty  minutes.    Other  examples  of  the  same  nature  were 
found  in  the  course  of  the  present  investigation.     The  results  seem 
to  indicate  that  negative  substituents  in  either  nucleus  tend  to 
retard  the  speed  of  reaction,  while  positive  substituents  cause  a 
more  rapid  reaction. 

Acid  chlorides  were  found  to  react  more  slowly  than  the 
corresponding  acid  bromides.     For  example,  para  brom  benzoyl  bromide 
and  para  brom  benzaldehyde  reacted  to  >"ive  a  solid  product  in  one 
hour,  while  para  brom  benzoyl  chloride  with  the  same  aldehyde  re- 
quired twenty-four  hours  for  complete  reaction.     Similarly,   3-5  di- 
nitro benzoyl  bromide  and  benzaldehyde  formed  a  solid  product  in  one 
hour,  while  3-5  dinitro  benzoyl  chloride  and  benzaldehyde  required 
52  hours.    There  is,  however,  a  marked  tendency  on  the  part  of  these 
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addition  products  to  form  oils  from  which  crystals  are  deposited 
very  slowly,  although  if  innoculated,  crystallization  would  probably 
begin  much  sooner.     This  fact  make3  it  impossible  to  ret  accurate 
data  relative  to  the  time  necessary  for  complete  reaction,  and  no 
general  conclusion  can  be  drawn  relative  to  the  effect  of  various 
substituting  groups  on  the  exact  speed  of  reaction. 

The  stability  of  the  addition  products  of  different 
aromatic  acid  halides  and  aromatic  aldehydes  was  found  to  vary 
greatly,  the  3-5  dinitro  benzoyl  bromide-benzaldehyde  compound 
showing  but  slight  decomposition  after  being  covered  with  water  for 
one  and  one-half  hours,  while  the  3-5  dinitro  benzoyl  bromide-anisic 
aldehyde  compound  was  so  unstable  that  it  was  impossible  to  purify 
it  sufficiently  for  analysis.     It  was  found  to  be  a  fairly  general 
rule  that  negative  substituents  in  either  aromatic  mucleus  caused 
the  formation  of  comparatively  stable  substances,  while  positive 
substituents  resulted  in  the  production  of  more  unstable  compounds, 
or  oils  which  decomposed  on    distillation  in  vacuo.     In  the  present 
investigation,  it  was  found  impossible  to  obtain  in  a  t>ure  condition 
any  addition  compound  containing  a  positive  substituent  in  either 
ring,  although  they  could  be  isolated  and  purified  as  the  pyridine 
addition  compounds.    The  addition  products  of  benzaldehyde  with 
meta  chlor  benzoyl  bromide,  and  ortho  and  meta  iod  benzoyl  bromides 
were  too  unstable  to  analyze. 
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A.   STRUCTURE  OF  THE  ADDITION  COMPOUNDS. 

Since  addition  reactions  with  aldehydes  always  occur  on 
the  carbonyl  group,  in  the  addition  of  acid  halides  to  aldehydes  a 
similar  reaction  on  the  aldehyde  carbonyl  group  would  "be  expected. 
There  is  also  a  carbonyl  group  in  the  acid  halide  molecule,  and 
while  it  is  not  so  reactive  as  the  one  in  the  aldehyde,  there  was  a 
question  as  to  whether  it  might  not  also  be  involved.  Consequently, 
in  considering  the  structure  of  the  addition  compound,  several  pos- 
sibilities presented  themselves  but  most  of  them  could  be  eliminated 
at  once  as  involving  very  improbable  reactions  such  as  the  shifting 
of  the  aldehyde  hydrogen  to  the  carbon  end  of  the  acid  halide  car- 
bonyl group,  or  the  shifting  of  the  halogen  to  the  oxygen  of  the 
aldehyde,  or  the  formation  of  such  very  unstable  substances  as  a 
four  membered  ring  containing  either  a  peroxide  linkage,  or  two  eth- 
er linkages.     The  two  most  probable  structures  for  the  addition  are 

OK 

represented  by  the  formulas    C-Hf-CHBr-O-COR       and  C«Hk-C-C-R 

o  s  °  5  6  ci 

i  ii 

in  the  first  of  which  the  halogen  adds  to  the  carbon  end  of  the 
aldehyde  carbonyl  group,  and  in  the  second  the  aldehyde  hydrogen 
shifts  to  the  oxygen  end  of  the  acid  halide  carbonyl  group.  The 
second  formula  seemed  less  probable  because  of  the  instability  of 
compounds  in  which  there  is  9  hydroxyl  group  and  a  halogen  on  the 
same  carbon.     Then    additions  to  the  carbonyl  group  of  acid  halides 
are  very  seldom  met  with,  while  additions  to  the  aldehyde  carbonyl 
group  are  among  the  most  common  reactions  of  aldehydes. 

The  first  proof  of  structure  offered  for  these  sub- 
stances was  by  Schiff^,  who  treated  the  acetaldehyde-acetyl  chloride 
addition  compound  with  potassium  acetate  and  obtained  ethylidene  di- 
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acetate,  thus  proving  the  3ubstanoe  to  be^  ohlor  ethyl  acetate, 

7 

which  corresponds  to  formula  I.    Later,  Rubencamp    prepared  a  whole 

series  of  addition  compounds  from  different  acid  chlorides  and  acet- 

aldehyde,  and  by  treating  these  substances  with  the  silver  salts  of 

different  acids  he  obtained  a  series  of  ethylidene  derivatives  homol 

10 

ogous  to  Schiff  s  ethylidene  diacetate.     Similarly,  Descude  prepar 
ed  a  number  of  acid  chloride  addition  compounds  with  polyoxymethyl- 
ene  which,  when  treated  with  the  potassium  salts  of  organic  acids, 
yielded  methylene  di-esters.     It  was  therefore  evident  that  the  sub- 
stances formed  by  the  addition  of  acid  chlorides  to  acet aldehyde  and 
polyoxymethylene  produced     halogen  esters  corresponding  to  formula 
I.    These  results  made  it  highly  probable  that  the  same  formula 

represented  the  structure  of  the  aromatic  addition  products.  Adams 
23 

and  Volwiler      proved  such  to  be  the  case.     They  chose  the  benzoyl 
bromide-ben zaldeh yd e  addition  compound  as  representative  of  the 
whole  class,  and  on  treatment  of  this  substance  with  silver  benzoate 
benzylidene  dibenzoate  was  obtained. 

B.  REACTIONS  OF  ADDITION  COMPOUNDS. 

There  are  two  types  of  reactions  given  by  the  acid 

halide-aldehycle  addition  compounds;  in  some  cases  they  react  like 

simple  mixtures  of  aldehydes  and  acid  halides,  and  in  others,  the 

reactions  are  characteristic  of  the  addition  compounds.    A  few  of 

the  reactions  of  phenyl  brom  methyl  benzoate  were  studied  by  Adams 
23 

and  Volwiler    .     They  found  that  with  water,  the  addition  product 
behaved  as  though  it  were  a  simple  mixture  of  benzoyl  bromide  and 
benzaldehyde,  yielding  benzoic  acid,  benzaldehyde,  and  hydrobromic 
acid. 

C6H5CHBr.0.C0.CsH5,  f  HgO  frCgHgCCCH  f  CgHgCHO  f  HBr 
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When  treated  with  alcohol,  a  similar  reaction  took  place,  producing 
ethyl  benzoate,  benzaldehyde  and  hydrobromic  acid. 

C6H5CHBr.0.C0.C6H5  f-  CgHgOH  ^CgHgCOOCgHg  f  CgHgCKO  f  HBr 

An  ether  solution  of  phenyl  brom  methyl  benzoate  reacted 
almost  immediately  with  dry  ammonia,  producing  benzamide,  benzalde- 
hyde and  ammonium  bromide. 

CgHgCHBr.O.CO.CgHg  I-  2NH3 — »CgHgCO. NHgh  CgHgCHO  I-  NH4Br 

When  aniline  was  used,  a  reaction  characteristic  of  the 
addition  compound  was  obtained.    The  products  formed  were  benzoic 
acid  and  the  hydrobromide  of  benzylidene  aniline,  which  were  produc- 
ed in  practically  quantitative  yields.     Treatment  of  the  hydrobromide 

of  the  benzylidene  aniline  with  alkali  liberated  the  free  base. 

H 

C6HgCHBr-0-CC-C6Hgf  CgHgNHg— ♦  CgHg^-CgHg  |-  CgHgCOOH. 

Br  H 

NJ.OH 

CgHgCHiNCgHgf  NaBr  f  HgO 
The  fact  that  no  trace  of  benzanilide  could  be  found  showed  that 
there  was  no  preliminary  dissociation  into  benzoyl  bromide  and  benz- 
aldehyde.    In  the  same  way,  the  reaction  with  ortho  tcluidine  formed 
practically  quantitative  yields  of  benzoic  acid  and  the  hydrobromide 
of  benzylidene  ortho  toluidine. 

The  reaction  with  silver  benzoate  was,  as  mentioned  be- 
fore, characteristic  of  the  addition  compound,  since  the  bromine  was 
replaced  by  the  benzoate  radicle,  forming  benzylidene  dibenzoate. 
CgHgCHBr.O.CO.CgHg      CgHgCOOAg  >  CgH5CH(0.  CO.  CgHg)  3  h  AgBr. 

In  studying  the  reactivity  of  these  substances,  in  the 
present  investigation,  phenyl  brom  methyl  benzoate  was  chosen  as 
characteristic  of  the  whole  class  of  acid  halide-aldehyde  addition 
products,  in  the  first  place  because  the  benzoyl  bromide  and  benzal- 
dehyde necessary  for  its  preparation  are  easily  obtained  pure  in  rel- 
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atively  large  amounts,  and  also  because  those  substances  react  read- 
ily to  give  an  addition  compound  which  is  sufficiently  stable  to  be 
handled  with  ease. 

1.    Reactions  With  Amines. 

The  reactions  between  phenyl  brom  methyl  benzoate  and 
alifatic  amines  were  carried  out  in  dry  ether  solutions,  and  in  ev- 
ery case  they  started  within  a  few  minutes  and  proceeded  smoothly, 
giving  practically  quantitative  yields  of  the  products  produced. 

In  its  reaction  with  methylaraine,  phenyl  brom  methyl 
benzoate  behaved  as  a  mixture  of  benzoyl  bromide  and  benzaldehyde, 
giving  methyl  benzamide,  methyl  amine  hyrlrobromide,  and  benzylidene 
methyl  amine. 

C6H5CHBr-0-C0-C6H5  f-  3CK3NK2  >C6E5C-NHCH3  f  CHjlTEg.HBr 

I-  c6h5$:N.ch3 

With  diethyl  amine,  similar  results  were  obtained,  as 
diethyl  benzamide,  benzaldehyde  and  diethyl  amine  hydrobromide  were 
the  substances  formed. 

0 

C6H5CHBr-0-C0-C6H5  f  2( C2H5)  2NH  — *  C6H56-N( C2H5)  g  f  CgH5CH0 

f  (C2H5)2NH.HQ: 
In  this  case,  there  was  a  more  vigorous  reaction,  and 

enough  heat  was  generated  to  make  the  ether  boil. 

The  reaction  with  trimethyl  amine  was  of  a  different 

type,  being  characteristic  of  the  phenyl  brora  methyl  benzoate  in 

that  an  addition  compound  was  formed. 

C6H5CHBr-0-C0-C^H5  I-  (CH3)3N  >C6H5CH-0-C0-C6H5 

Br-N(CH3)3 

In  most  cases,  the  reactions  of  phenyl  brom  methyl  benz- 
oate with  primary  aromatic  amines  were  run  without  any  solvent,  al- 
though the  3ame  substances  were  obtained  when  the  reaction  took 
place  in  dry  ether  solution.    A  very  vigorous  reaction  took  place 
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when  no  solvent  was  used,  and  the  materials  fused  together  with  the 
evolution  of  a  great  deal  of  heat,  and  becoming  a  hard  brittle  mass 
when  cold.  When  an  ether  solution  was  used,  the  reaction  began  im- 
mediately, as  evidenced  by  the  precipitate  which  began  to  form,  but 
there  was  no  heat  evolved. 

With  secondary  and  tertiary  amines,  the  reactions, which 
were  carried  out  in  dry  ether  solutions,  did  not  take  place  so  read- 
ily and  the  mixtures  were  always  refluxed  for  varying  lengths  of 
time . 

As  previously  mentioned,  Adams  and  Volwiler*0  studied 

the  reaction  of  phenyl  brom  methyl  benzoate  with  aniline  and  ortho 

toluidine,  and  found  that  the  hydrobromides  of  benzylidene  aniline 

and  benzylidene  ortho  toluidine  were  produced.     In  order  to  find  out 

whether  this  reaction  with  primary  aromatic  amines  wa3  general,  the 

behavior  of  phenyl  brom  methyl  benzoate  with  ortho  and  para  chlor 

aniline  and  with  para  toluidine  was  studied,  and  in  every  case  the 

reaction  ^sras  analogous  to  that  of  aniline. 

H 

C6H5CHBr-0-C0-CsH5  MxNH£ — >0gH5C—  N-Ar  I-  CgHgCOOH. 

Br  H 

Secondary  and  tertiary  aroraatio  amines  react  in  a  differ- 
ent manner,  producing  dyes  of  the  triphenyl  methane  series.     With  di- 
phenyl  amine  both  the  leuco  ba.se  and  the  dye  itself  were  formed,  an 
indication  that  dissociation  into  the  acid  bromide  and  aldehyde 
takes  place,  with  the  acid  halide  reacting  to  give  the  dye  and  the 
aldehyde  producing  the  leuco  base.     Two  precipitates  were  formed, the 
first  was  practically  colorless,  but  gradually  turned  green  on  ex- 
posure to  the  air,  while  the  second  was  a  gummy,  green  material. 
These  were  ground  up  together  and  extracted  with  a  large  volume  of 
ether.     From  the  ether  extract  was  obtained  a  white  solid  which  be- 
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came  green  on  being  exposed  to  the  air.     Evidently,  the  two  precipit- 
ates are  the  leuco  base  and  the  dye.     The  amount  of  the  leuco  base 
was  small,  no  doubt  due  to  oxidation  during  the  interval  of  three 
days  before  the  material  was  worked  up.    That  diphenyl  amine  reacts 
with  benzaldehyde  to  give  the  leuco  ba3e  ^nd  with  benzoyl  chloride 
to  give  the  dye  was  shown  by  "ieldola^®,  although  the  yield  of  the  dye 
was  small.     Since  only  two  moles  of  the  diphenyl  amine  were  used,  the 
presence  of  free  benzaldehyde  in  the  reaction  mixture  would  be  expect- 
ed if  the  benzoyl  bromide  reacted  to  give  some  of  the  dyestuff.  That 
no  benzaldehyde  was  found  might  have  been  due  to  it3  oxidation  to 
benzoic  acid  before  the  mixture  was  worked  up. 

With  mono,  ethyl  aniline,  a  similar  reaction  took  place, 
but  only  the  leuco  base,  C6H5-C-Q 

&  c2h5 

C?H5-  N-H 

was  produced.     This  substance  separated  from  the  ether  solution  of 
the  reaction  mixture  as  a  red  gummy  material,  and  on  oxidation 
yielded  a  green  solution.     It  was  first  prepared  and  studied  by 
Schiff27. 

Dimethyl  aniline  reacted  slowly  to  produce  malachite 
green,  3Jid  the  mixture  was  refluxed  for  several  hours  before  the 
dye  was  completely  precipitated.     The  leuco  base  was  not  i3ol°ted, 
although  it  was  no  doubt  formed  as  an  intermediate  product. 

3.     Reactions  With  Pyridine. 

The  reaction  with  pyridine  was  also  characteristic  of 
the  addition  compound,  and  was  analogous  to  the  one  with  trimethyl 
amine  in  that  an  addition  took  place. 

H 

C6H5-CHBr-0-C0-C6H5  f  (j->C6H5-C-0-C0-C5H5 

Br-lQ> 

No  solvent  was  used  in  this  reaction,  the  phenyl  brom  methyl  benzo- 
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ate  was  simply  dissolved  in  a  small  excess  of  pyridine,  and  the  mixt-r 
ure    allowed  to  stand  until  the  product  had  crystallized  out.  This 
addition  compound  was  a  stable  substance,  easily  purified  and  anal- 
yzed.    Since  this  pyridine  addition  product  was  so  easily  obtained 
in  a  pure  condition,  it  was  believed  that  the  products  from  acid 
halide-aldehyde  reactions  which  could  not  be  isolated  because  of 
their  instability,  or  because  they  were  oils,  could  be  shown  to  be 
the  simple  addition  compounds  by  treating  with  pyridine  and  isolating 
the  addition  product.    The  reaction  was  tried  out  with  three  such 
substances.     Equimolecular  amounts  of  benzoyl  chloride  and  benzalde- 
hyde  were  mixed  and  a  piece  of  anhydrous  zinc  chloride  was  added.  A 
vigorous  reaction  took  place  with  the  evolution  of  a  great  deal  of 
heat.    When  cold,  the  oil  was  poured  into  an  excess  of  pyridine.  The 
solid  material  thus  obtained,  after  purification,  wa3  analyzed  and 
found  to  be  the  pyridine  addition  compound,  CgH5 jj^-^ ~*c 0 -Cg H5 ,  indi- 
cating that  the  product  from  the  reaction  between  the  benzoyl  chlor- 
ide and  benzaldehyde  was  the  «t  chlor  benzyl  benzoate. 

In  the  same  way,  the  semi  solid  product  obtained  from 
the  action  of  ortho  methyl  benzoyl  bromide  and  benzaldehyde  formed 
the  pyridine  addition  product,  CgH5CH^)-CO^^  ,  showing  that  the 
aldehyde  and  acid  halide  had  react edin  the  normal  way. 

Finally,  the  para  nitro  benzoyl  bromide-anisic  aldehyde 
reaction  product,  which  is  an  unstable  solid,  was  shown  by  means  of 
the  pyridine  addition  to  be  the  normal  acid  halide-aldehyde  compound. 

It  has  also  been  found  possible  to  prepare  these  pyri- 
dine addition  compounds  by  adding  the  aldehyde  to  the  benzoyl  halide- 
pyridine  addition  product.     Thus,  benzoyl  bromide  and  pyridine  react 
to  form  a  solid  substance,  which  on  treatment  with  benzaldehyde 
yields  the  phenyl  brom  methyl  benzoat e-pyridine  addition  compound. 
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... 


Benzoyl  chloride  was  found  to  act  in  a  similar  manner. 
3,     Reactions  With  Metals. 

A  study  was  made  of  the  behavior  of  phenyl  brom  methyl 
benzoate  with  different  metals,  in  most  cases  using  an  ether  solution, 
although  in  one  instance  benzene  was  used.    The  only  product  isolat- 
ed from  ths3s  reactions  was  symmetrical  diphenyl  ethylene  glycoll, 
which  was  obtained  in  largest  yields  (20$)  when  zinc  dust  or  copper 
powder  was  used.    Metallic  sodium  produced  only  a  trace  of  this  sub- 
stance, while  none  was  found  when  aluminum  powder  or  magnesium  shav- 
ings were  used.     In  every  case,  a  large  amount  of  resinous  material 
was  formed.     Th3  reaction  can  be  expressed  as  follows,  using  zinc  as 
an  example, 


This  same  substance  was  prepared  by  Paal*y  by  the  action  of  zinc  dust 

on  a  mixture  of  benzoyl  chloride  and  benzaldehyde,  and  by  Klinger 
30 

and  Standke      by  the  action  of  sodium  amalgam  on  the  same  mixture. 


found  to  react  with  zinc  dust  in  the  same  way,  producing  a  20^  yield 
of  the  dibenzoate. 


Met a  nitro  phenyl  brom  methyl  benzoate  was  not  acted  upon  by  the 
zinc. 

4.     Reactions  With  Potassium  Cyanide  and  Alkali  Salts  of 

Organic  Acids. 
It  was  found  by  Davis31  that  if  an  acid  chloride  was 
added  to  a  mixture  of  potassium  cyanide  and  an  aldehyde,  a  substance 


2C6H5CHBr-0-C0-C6H5  f  Zn 


»  C6H5-CH-0-C0-C6H5  f-  ZnBr2 
C6H5-CH-0-C0-C6H5 


Para  brom  phenyl  brom  methyl  benzoate  in  dry  ether  was 


of  the  structure,  R-CH-0-COR'  was  formed.     It  was  suggested  that  the 

CN 

intermediate  formation  of  the  cyanhydrin  took  place,  and  this  react- 
ing with  the  acid  halide,  produced  the  substance  obtained.     In  view 
of  the  results  of  the  present  investigation,  it  seemed  probable  that 
instead  of  cyanhydrin  formation,  an  intermediate  acid  halide-aldehyde 
addition  took  place,  and  thi3  reacted  with  the  potassium  cyanide  to 
replace  the  bromine  by  the  cyanide.     With  the  intention  of  deciding 
this  point,  phenyl  brom  methyl  benzoate  was  added  to  an  aqueous  so- 
lution of  potassium  cyanide,  but  although  the  experimental  conditions 
were  kept  as  nearly  as  possible  to  those  used  by  D^vis,  only  complete 
hydrolysis  of  the  addition  compound  took  place,  yielding  benzoic  acid 
as  the  only  solid  product.     It  was  likewise  found  impossible  to  re- 
place the  bromine  by  the  cyanide  radicle  by  shaking  an  aqueous  solu- 
tion of  potassium  cyanide  and  either  a  petrol  ether  or  alcohol  free 
ether  solution  of  phenyl  brom  methyl  benzoate  together.    Whenever  a 
reaction  did  take  place,  it  resulted  in  the  formation  of  benzoic 
acid  as  the  only  solid  product. 

Adams  and  Volwiler^  obtained  benzylidens  dibenzoate  on 
treatment  of  phenyl  brom  methyl  benzoate  with  silver  benzoate,  and 
it  was  of  interest  to  find  out  if  a  concentrated  aqueous  solution  of 
potassium  benzoate  would  react  in  the  same  way.    Complete  hydrolysis 
resulted  however.     Similar  results  were  obtained  with  concentrated 
aqueous  solution    of  potassium  acetate  and  potassium  hydroxide.  An 
absolute  ether  suspension  of  potassium  hydroxide  also  decomposed  the 
addition  compound,  with  the  formation  of  benzaldehyde  and  potassium 
benzoate. 

An  attempt  was  made  to  reduce  the  benzoyl  bromide-benz- 

aldehyde  addition  compound  to  benzyl  benzoate,  using  aluminum  amalgan 

and  moist  ether,  but  again  complete  hydrolysis  took  place,  and  only 
benzoic  acid  and  benzaldehyde  were  produced. 
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IV«  ■  EXPERIMENTAL 
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I.   FORMATION  OF  THE  ACID  BROMIDE-ALDEHYDE  ADDITION  COMPOUNDS. 

Equi molecular  amounts  of  the  two  substances  were  mixed 
Without  solvent  in  a  small  Srlenmeyer  flask,  which  was  then  stopper- 
ed, and  the  mixture  allowed  to  stand  until  it  had  solidified.  Many 
of  these  compounds  showed  a  tendency  to  remain  as  oils,  whiefa  thus 
made  it  necessary  to  rub  the  walls  of  the  flask  with  a  glass  rod 
before  the  material  would  become  solid.     This  tendency  made  it  im- 
possible to  determine  the  exact  time  necessary  for  complete  reac- 
tion.    In  some  cases  the  addition  compound  was  an  oil  which  could 
not  be  made  to  solidify,  and  which  decomposed  in  distillation  in 
vacuo.     In  most  of  those  cases  there  was  no  attempt  made  to  analyze 
the  product,  but  in  the  remaining'  cases  the  products  were  treated 
with  pyridine  in  slight  excess,  and  the  solid  pyridine  addition 
compounds,  which  are  easily  purified  by  dissolving  in  absolute  al- 
cohol and  precipitating  with  absolute  ether,  were  analyzed.  These 
addition  compounds  consist  of  one  molecule  of  pyridine  and  one  of 
the  acid  halide-aldehyde  compound. 

The  same  general  procedure    was  followed  in  the  prepara- 
tion of  all  of  the  acid  bromide-aldehyde  addition  compounds. 

The  acid  bromides  used  in  this  research,  with  the  excep- 
tion of  benzoyl  bromide,  were  made  after  the  method  of  Adams  and 

30  21 
Ulich    ,  by  the  action  of  oxalyl  bromide      on  the  sodium  salt  of 

32 

the  acid.     Benzoyl  bromide 1    was  made  by  heating  on  a  steam  cone 
a  mixture  of  phosphorous  tribromide  and  benzoic  acid.     In  the  prep- 
aration of  benzoyl  bromide,  it  was  found  that  much  better  yields 
could  be  obtained  if  the  heating  were  continued  for  several  hours 
and  the  reaction  mixture  were  kept  well  stirred  with  an  electric 
stirrer. 
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Meta  Nitro  Benzoyl  Bromide  and  Benzaldehyde. 

When  3.3  grams  (1  mole)  of  met  a  nitro  benzoyl  bromide  and 
1.5  grams  (1  mole)  of  benzaldehyde  were  mixed,  without  solvent,  a 
dark  red  oil  was  obtained.    Apparently  it  did  not  change  on  stand- 
ing over  night,  but  it  solidified  when  scratched  with  a  glass  rod. 
This  solid  substance  wa3  pulverized,  washed  with  absolute  ether,  in 
which  it  is  somewhat  soluble,  and  then  crystallized  from  ligroin. 
The  crystals  thus  obtained  were  pure  white,  and  melted  at  94-96°. 

Analysis:  weight  of  subs.  .1062 
weight  of  AgBr  .0596 

i  Br  calc.  for  Ci4H1004lIBr ,  33.81$ 

$  Br  found,  33.87$ 

Meta  Nitro  Benzoyl  Bromide  and  Cinnarnyl  Aldehyde. 

When  3  grams  (l  mole)  of  meta  nitro  benzoyl  bromide  and 
1.1  grams  (1  mole)  of  cinnarnyl  aldehyde  were  mixed  without  solvent, 
they  reacted  immediately  with  the  evolution  of  considerable  heat. 
The  mixture  solidified  on  standing  over  night,  but  was  found  to  be 
too  unstable  to  purify  sufficiently  for  analysis. 

Para  Nitro  Benzoyl  Bromide  and  Benzaldehyde. 

5  .rams  (1  mole)  of  para  nitro  benzoyl  bromide  mixed  with 
2.3  grams  (1  mole)  of  benzaldehyde  reacted  almost  immediately  and 
the  resulting  solution  became  solid  within  thirty  minutes.  The 
substance  was  pulverized,  washed  with  hexane,  then  with  absolute 
ether,  after  which  it  w=s  r  ecryet  alii  zed  from  ligroin.    The  pure 
crystals  were  white  and  had  a  melting  point  of  139-140°. 

A  small  portion  of  the  pure  material,  after  standing  for 
one  minute  in  water,  was  found  to  be  about  half  decomposed. 
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Analysis:  weight  of  subs.  .1987 

weight  of  AgBr  .1133 

$  Er  calc.  for  C14H1004NBr  33.81$ 

$  Br  found  34.05$ 


Para  Nitro  Benzoyl  Bromide  and  Ortho  Brora  B en z aldehyde. 

5  grams  (1  mole)  of  para  nitro  benzoyl  bromide  reacted 
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slowly  with  4  grams  (1  mole)  of  ortho  brom  benzaldehyde  '  ,  going 
completely  into  solution  only  after  standing  for  two  hours.  In 
fifteen  hours  the  material  was  solid.     This  solid  substance  was 
pulverized,  washed  with  absolute  ether,  and  purified  by  dissolving 
in  benzene  and  precipitating  with  petrol  ather.     The  product  ob- 


tained in  this  way  malted  141-2  . 

Analysis:  weight  of  subs.  .3036 

weight  of  AgBr  .1809 

$Br  calc.  for  Cj^HgO^NBr-  33.55$ 

$Br  found  37.99^ 


Para  Nitro  Benzoyl  Bromide  and  Para  Brom  Benzaldehyde, 

4  grams  (l  mole)  of  para  nitro  benzoyl  bromide  were  added 

\  24 
to  3.2  grams  (1  mole)  of  fused  para  brom  benzaldehyde    .     As  the 

mixture  cooled  down  the  product  solidified.     This  was  pulverized, 

washed  with  absolute  ether,  crystallized  from  li groin,  and  analyzed. 

II.  P.  146°. 

Analysis:  weight  of  subs.  .2036 
weight  of  AgBr  .1812 
$Br  calc.  for  C14Hg04NBr3  38.55$ 
$Br  found  38.05$ 

Para  Nitro  Benzoyl  Bromide  and  Anisic  Aldehyde. 

An  immediate  reaction  took  place  with  the  evolution  of 
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consideraole  heat  when  equimolecular  amounts  of  pars,  nitro  benzoyl 
bromide  and  ani3ic  aldehyde  were  brought  together.     The  mixture  sol- 
idified in  about  five  minutes.     The  product  was  very  unstable,  how- 
ever, and  on  crystallization  from  benzene  only  para  nitro  benzoic 
acid  was  obtained. 

Para  Nitro  Benzoyl  Bromide  and  Cinnamyl  Aldehyde. 

3.8  .-Trans  (1  mole)  of  cinnamyl  aldehyde  reacted  vigorously 
with  5  gram3  (l  mole)  of  para  nitro  benzoyl  bromide,   giving  off 
considerable  heat,  and  forming  a  greenish-black  solid  in  about  five 
minutes.     The  product  was  very  unstable  and  only  para  nitro  benzoic 
acid  was  obtained  on  crystallization  from  benzene. 

3-5  Dinitro  Benzoyl  Bromide  and  Benzaldehyde. 

5  grams  (1  mole)  of  3-5  dinitro  benzoyl  bromide  and  1.9 
grams  (l  mole)  of  b en z aldehyde  reacted  to  rive  a  solution  almost  im- 
mediately.    This  solution  began  to  deposit  crystals  in  a  few  min- 
utes, and  was  solid  n'ithin  an  hour.     After  pulverizing  the  material, 
it  was  washed  with  hexane  and  crystallized  from  lijroin.     M.P.  136- 
127°. 

A  small  portion  of  the  pure  substance  was  found  to  be  but 
slightly  decora-oosed  after  standing  in  water  for  one  and  one-half 
hours. 

Analysis:  weight  of  subs.  .3096 
weight  of  AgBr  .1056 
#Br  calc.  for  C14Hg0gN  Br  20.99fc 
#Br  found  31. 43$ 

3-5  Dinitro  Benzoyl  Bromide  and  Para  Brom  Benzaldehyde. 

When  5  grams  (1  mole)  of  3-5  dinitro  benzoyl  bromide  and 
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3.3  grams  (1  mole)  of  para  brom  b en z aldehyde,  were  mixed,  an  oil 
was  obtained  which  solidified  in  two  hours.     This  material  was  fine 
ly  powdered,  washed  with  hexane,  and  crystallized  from  ligroin.M. P. 
of  the  pure  crystals  151-2  . 

Analysis:  weight  of  subs.  .1953 
weight  of  AgBr  .1590 

$Br  calo.  for  ^i^s°Q^2Bx2  34,78$ 

#Br  found  34.6 4$ 

3-5  Dinitro  Benzoyl  Bromide  and  Ortho  Brom  Benzaldehyde. 

5  grams  (l  mole)  of  3-5  dinitro  benzoyl  bromide  reacted 
with  3.3  rirams  (1  mole)  of  ortho  brom  benzaldehyde  to  give  a  solid 
product  in  about  four  days.     This  solid  material  wa3  pulverized, 
washed  several  times  with  hexane  and  absolute  ether,   and  was 
crystallized  from  ligroin.    The  crystals  obtained  in  this  manner 
melted  at  119-132°. 

A  portion  of  the  pure  material  showed  but  partial  decom- 
position after  being  covered  with  water  for  four  hours. 


Analysis:  weight  of  subs.  .2047 

weight  of  AgBr  .1690 

$Br  calc.  for  0i^EsQq^2Bt2  34.  78$ 

#Br  found  35.13$ 


3-5  Dinitro  Benzoyl  Bromide  and  Anisic  Aldehyde. 

Equimol ecular  amounts  of  the  two  substances  reacted  al- 
most immediately,  with  the  evolution  of  a  large  amount  of  heat. The 
mixture  solidified  in  about  twenty  minutes,  but  the  product  was 
very  unstable  and  decomposed  completely  during  the  process  of 
crystallization,  giving  3-5  dinitro  benzoic  acid. 


Ortho  Chi  or  Benzoyl  Bromide  ana  Benzaldehyde, 

5  grams  (l  mole)  of  ortho  chlor  benzoyl  bromide  and  2.4 
grams  (l  mole)  of  b en z aldehyde  reacted  as  soon  as  they  were  mixed, 
giving  off  a  large  amount  of  heat.     It  required  seventy  hours,  how- 
ever, for  the  mixture  to  become  solid.    After  being  finely  powdered, 
the  material  wa3  crystallized  from  petrol  ether.     M.P.  62-33°. 

Analysis:  weight  of  3ubs.  .2006 

weight  of  nixed  silver  halides 
calc.   for  Ci^oC^BrCl  .3042 

weight  of  mixed  silver  halides 
found  . 2043 

Meta  Chlor  Benzoyl  Bromide  and  Benzaldehyde. 

Equiraol eoular  amounts  of  meta  chlor  benzoyl  bromide  and 
benzaldehyde  reacted  to  rive  an  orange  colored  solution  which  began 
to  deposit  crystals  in  about  70  hours,  although  it  never  became 
solid.     The  product  was  very  unstable  and  decomposed  completely  dur- 
ing the  process  of  crystallization,   and  msta  chlor  benzoic  acid  was 
the  only  solid  product  isolated. 

Para  Chlor  Benzoyl  Bromide  and  Benzaldehyde. 

When  5  grama  (1  mole)  of  para  chlor  benzoyl  bromide  and 

2.4  grams  (1  mole)  of  benzaldehyde  were  mixed  a  yellow  solution 

was  obtained  which  solidified  in  three  hours.  The  material  was 
pulverized  and  reor yet alii zed  from  ligroin.     The  pure  material  melt- 
ed 110-111°. 

Analysis:  weight  of  subs.  .1590 

weight  of  mixed  silver 

halides  calc.  for  C^HiQf^BrCl  .1619 

weight  of  mixed  silver 

halides  found  .1654 


Ortho  Brorn  Benzoyl  Bromide  and  B en z aldehyde. 

6.3  grams  (  mole)  of  ortho  brom  benzoyl  bromide  and  2.5 
grams  (1  mole)  of  benzaldehyde  reacted  to  give  a  yellow  solution, 
which  solidified  on  standing  over  night.     After  crushing  and  washing 
with  dry  ether,  the  material  was  recrystallized  from  ligroin.  M. P. 8(5 

Analysis:  weight  of  subs.  .1955 
weight  of  AgBr  .1974 

foBi  calc.  for  C14H1003Br3  43. 24^ 

foBx  found  42.96$ 

Ortho  Brom  Benzoyl  Bromide  and  Para  Brom  Benzaldehyde. 

When  4  grams  (1  mole)  of  ortho  brom  benzoyl  bromide  and 
2.8  grams  (1  mole)  of  para  brom  benzaldehyde  were  mixed,  a  great 
deal  of  heat  was  evolved  by  the  reaction.     In  about  twenty  minutes 
the  dark  red  solution  deposited  crystals  and  the  mixture  got  very 
warm.     In  forty  minutes  the  material  was  solid.     The  substance  was 
pulverized,  washed  with  ary  ether,   and  recrystallized  from  ligroin. 


M.P.  102-3^, 

Analysis:  weight  of  substance  .1931 

weight  of  AgBr  . 2506 

#Br  calc.  for  C14Hg02Er3  53.45$ 

$>$V  found  53.82$ 


Para  Brom  Benzoyl  Bromide  and  Benzaldehyde. 

No  reaction  was  apparent  when  5  grams  (1  mole)  of  para 
brom  benzoyl  bromide  were  mixed  with  2  grams  (1  mole)  of  benzalde- 
hyde, but  the  material  solidified  after  standing  over  night.  The 
substance  was  worked  up  in  the  usual  way.     Melting  point  of  the 
pure  material  119-121°. 
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An aly s i  s :  w ei ght  o  f  subs .  . 301 3 

weigh"!  of  AgBr  .2028 

$  Br  ©ale.  for  e14H1002Br3  43.34$ 

$  Br  found  43.87$ 


Para  Brom  Benzoyl  Bromide  and  Ortho  Brora  Benzaldehyde. 

5  grams  (1  mole)  of  para  brom  benzoyl  bromide  and  3,5 
grams  (1  mole)  of  ortho  brom  benzaldehyde  reacted  to  give  a  solu- 
tion which  solidified  in  five  hours.     This  solid  material  was  finely 
powdered,  washed  with  dry  ether,  and  recrystallized  from  ligroin. 
The  crystals  obtained  in  this  way  were  white  and  melted  154-6°. 


An al y3 i s :  w ei ;zh  t  of  sub s .  .  126 5 

weight  of  AgBr  .2470 

$Br  calc.   for  C^Hc^B^  53.45$ 

$Br  found  53  .  48$ 


Para  Brom  Benzoyl  Bromide  and  Para  Brom  Benzaldehyde. 

5  ?ram3  (l  mole)  of  para  brom  benzoyl  breraide  and  3.5 
grams  (1  mole)  of  para  brom  benzaldehyde  reacted  in  half  an  hour, 
with  the  absorption  of  considerable  heat.     Within  an  hour,  the 
material  was  solid.     It  was  washed  with  absolute  ether  and  recry- 
stallized from  ligroin  in  the  usual  way.     'A. P.  130-121°. 


Analysis:  weight  of  subs.  .2000 

weight  of  AgBr  .2511 

$  Br  calc.  for  C14Hg03Br3  53.45$ 

$  Br  found  53.42$ 


Para  Brom  Benzoyl  Bromide  and  Anisic  Aldehyde. 

Equimolccular  amounts  of  the  two  substances  were  -Axed, 
and  they  solidified  immediately  with  the  evolution  of  considerable 
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heat.  This  material  was  very  unstable  and  decomposed  completely  be 
fore  it  could  be  purified  sufficiently  for  analysis. 

Para  led  Benzoyl  Bromide  and  Benzaldehyde. 

When  5  grams  1  mole)  of  para  iod  benzoyl  bromide  and  1.7 
grams  (l  mole)  of  benzaldehyde  were  mixed,   solution  took  place  in 
a  few  minutes  with  the  absorption  of  considerable  heat.     This  solu- 
tion solidified  in  four  hours.     When  the  experiment  was  repeated 
and  a  small  piece  of  zinc  chloride  (fused)  was  added  to  the  mixture 
solidification  took  place  in  forty-five  minutes. 

The  product  was  worked  up  in  the  usual  way.     The  pure  sub 
stance  gave  a  melting,  point  of  133.5-124°. 

Analysis:  weight  of  subs.  .2032 

weight  of  mixed  silver  hal- 

ides  calo.   for  C-^H-LoOgBrl  .2060 

weight  of  mixed  silver  halides 
found  . 2068 

Ortho  Iod  Benzoyl  Bromide  and  Benzaldehyde. 

2  grams  (l  mole)  of  ortho  iod  benzoyl  bromide  added  to  .7 
gram  (1  mole)  of  benzaldehyde  reacted  vigorously  with  the  evolution 
of  a  gr ea 1  deal  of  heat.     Crystallization  began  within  ten  minutes 
but  the  solid  product  was  very  unstable  and  decomposed  in  the  pro- 
cess of  purification. 

Meta  Iod  Benzoyl  Bromide  and  Benzaldehyde. 

A  reaction  took  place  immediately  when  3  grams  (1  mole) 
of  met  a  iod  benzoyl  bromide  were  mixed  with  .8  grams  (1  mole)  of 
benzaldehyde.     Crystals  first  appeared  within  z\  hours,  and  after 
standing  over  night  a  soft,  semi-solid  product  was  obtained.  The 
material  was  very  unstable  and  decomposed  completely  during  the 
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process  of  purification. 

Para  Methoxy  Benzoyl  Bromide  and  Benzaldehyde. 

A  reaction  began  at  once  when  4.5  grams  (l  mole)  of  para 
methoxy  benzoyl  bromide  were  added  to  2.2  grams  (1  mole)  of  benzal- 
dehyde, and  a  considerable  amount  of  heat  was  evolved.  Crystals 
first  appeared  in  four  minutes  but  the  substance  never  became  com- 
pletely solid.     The  product  was  very  unstable  and  decomposed  in  the 
process  of  purification  giving  anisic  acid  as  the  only  solid  product 

Ortho  Methyl  Benzoyl  Bromide  and  Benzaldehyde. 

5  grams  (l  mole)  of  ortho  methyl  benzoyl  bromide  were 
treated  with  2.S  grams  (l  mole)  of  benzaldehyde.    The  orange  color- 
ed solution  thus  obtained  solidified  in  seven  hours.    When  the  ex- 
periment was  repeated,  a  small  piece  of  zinc  chloride  was  added  to 
the  mixture,  and  a  solid  product  was  obtained  in  one  hour.  The 
material  was  very  unstable  and  decomposed  before  it  could  be  purif- 
ied sufficiently  for  analysis. 

Met  a  Methyl  Benzoyl  Bromide  and  Benzaldehyde. 

When  equimol ecular  amounts  of  the  two  substances  were 
mixed,   a  yellow  solution  was  obtained,  but  there  was  no  temperature 
change.     The  product,  which  took  fifty-seven  hours  to  solidify,  was 
so  unstable  that  no  analysis  could  be  made. 

Para  Methyl  Benzoyl  Bromide  and  Benzaldehyde. 

When  molecular  amounts  of  the  two  substances  were  mixed, 
no  reaction  was  apparent,  and  although  the  solution  began  to  deposit 
crystals  in  two  days,  it  never  completely  solidified,  ^nd  the  only 
material  isolated  from  the  mixture  was  para  methyl  benzoic  acid. 
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II.  FORMATION  OF  ACID  CHLORIDE-ALDEHYDE  ADDITION  COMPOUNDS. 

In  preparing  these  compounds  the  same  general  procedure 

wae  followed  which  was  used  in  the  formation  of  the  acid  bromide- 
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aldehyde  addition  compounds.     The  method  of  Adams  and  Ulich  was 
used  in  the  preparation  of  the  acid  chlorides,  with  the  exception  of 
benzoyl  chloride,  which  was  made  in  the  usual  way  from  benzoic  acid 
and  PC15. 

Benzoyl  Chloride  and  Para  Brom  Benzaldehyde. 

5  gram3  (l  mole)  of  benzoyl  chloride  reacted  with  6.5 
grams  (l  mole)  of  para  brom  benzaldehyde  to  give  a  solution  which 
crystallized  to  a  semi-solid  material.     It  never  became  completely 
30lid  although  it  stood  for  fiftean  days.     The  material  after  re- 
crystallization  from  ligrcin  melted  109-110°.     A  3raali  portion  of 
the  pure  substance  showed  no  decomposition  when  3haken  for  a  minute 
??ith  water. 

Analysis:  weight  of  3ubs.  .3020 

weight  of  mixed  silver  hal- 

ides  calc.  for  C14H1Q03BrCl  .2057 

weight  of  mixed  silver  hal- 

ides,   found  .2071 

Benzoyl  Chloride  and  Benzaldehyde. 

50  grams  (l  mole)  of  benzoyl  chloride  were  treated  with 
37.5  grams  (l  mole)  of  benzaldehyde,   and  a  small  piece  of  zinc 
chloride  was  added.     These  substances  reacted  to  give  a  red  solu- 
tion with  the  evolution  of  a  great  deal  of  heat.     There  was  no  fur- 
ther change  on  standing  over  night.     The  oil  was  fractionated  in 
vacuo  as  follows: 

l3t  fraction-  boiling  77-81°  at  15  mm. 

2nd  fraction-  ■        84-86°  at  15  mm. 

3rd  fraction-  "     305-208°  at  15  mm. 
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The  first  two  fractions  were  redistilled  under  ordinary 
pressure  and  proved  to  be  benzaldehyde  and  benzoyl  chloride.  The 
third  fraction  solidified  in  three  days  and  was  found  to  have  a 
melting  point  of  43°.     A  mixed  melting-  point  with  benzoic  anhydride 
showed  it  to  be  that  substance. 

weight  of  recovered  benzoyl  chloride  30  grams. 

weight  of  recovered  benzaldehyde  31  grams. 

weight  of  benzoic  anhydride  10  grams. 

Benzoyl  Chloride  and  Met  a  Nitro  Benzaldehyde. 

5  grams  (1  mole)  of  benzoyl  chloride  mixed  with  5.3  grams 
(l  mole)  of  meta  nitro  benzaldehyde  reacted  to  give  a  solution 
which  required  twenty  day3  for  complete  solidification.     Thi3  solid 
material,  after  being  pulverized,  was  washed  several  time3  with 
petrol  ether  and  r ecrystallized  from  liproin.     The  pure  crystals 
had  a  melting  point  109-110°.     A  small  portion  of  the  pure  sub- 
stance was  found  to  be  but  slightly  decomposed  after  standing  a 
couple  of  minutes  in  water.     Very  slight  decomposition  was  noted 
after  standing  for  four  days  in  the  air  of  the  laboratory. 


Analysis:  weight  of  subs.  .1326 

weight  of  AgCl  .0623 

#C1  calc.   for  C14H1004NC1  12.18$ 

fcCl  found  12.64$ 


3-5  Dinitro  Benzoyl  Chloride  and  Benzaldehyde. 

5  grams  (1  mole)  of  3-5  dinitro  benzoyl  chloride  added  to 
2.3  grams  (1  mole)  of  benzaldehyde  went  into  solution  in  three 
hours,  but  required  52  hours  for  complete  solidification.  The 
solid  material  was  pulverized,  washed  with  dry  ether,   and  recrystal 
lized  from  ethyl  acetate.     1.1. P.  135-135°. 
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Analysis:  weight  of  subs.  .1993 

weight  of  AgCl  .OR 7 2 

#C1  calo.  for  C^BgOgNgCl  10.55$ 

fcCl  found  10.82$ 

3-5  Dinitro  Benzoyl  Chloride  and  Para  Brora  Benzaldehyde. 

It  took  three  hours  for  5  grams  (l  mole)  of  3-5  dinitro 
"benzoyl  chloride  mixed  with  4  grams  (1  mole)  of  pgra  brorc  benzalde- 
hyde to  liquify.     This  mixture  never  completely  solidified  although 
it  was  allowed  to  stand  for  eight  days.     ^Then  washed  with  petrol 
ether  and  absolute  ether,  two  grams  of  the  para  brom  benzaldehyde 
were  recovered.     The  rest  of  the  material  was  r ecrystallized  frcrn 
ligroin,  and  when  pure  had  a  melting  point  of  145-146°. 

A  portion  of  the  pure  substance  showed  no  decomposition 
after  beinj  shaken  fcr  a  minute  with  water. 

Analysis:  weight  of  subs.  .2000 

weight  of  mixed  silver  halides 

calc.   for  Cl4Hp06N2BrCl  .1595 

weight  of  mixed  silver  halides 

found  .1570 

Para  Brom  Benzoyl  Chloride  and  Para  Brom  Benzaldehyde. 

5  grams  (l  mole)  of  para  brom  benzoyl  chloride  treated 
with  4.2  grams  of  para  brom  benzaldehyde,  crave  a  solution  which  be- 
came ser.i-solid  in  the  course  of  twenty-four  hours,  but  it.  never 
completely  solidified.     The  material  was  washed  several  times  with 
petrol  ether  and  absolute  ether,  and  was  recrystallized  frcm  ligroin 
The  pure  crystals  had  a  melting  point  of  134-135°. 

Analysis:  weight  of  subs.  .2032 

weight  of  mixed  silver  halides 

calc.   for  C14Hg02Br2Cl  .2609 

weight  of  mixed  silver  halides  mmm 
fourid  .2578 


-40- 

Cinnamyl  Chloride  and  Benzaldehyde. 

'Vhen  10  gra,ras  (l  mole)  of  b en z aldehyde  were  mixed  with 
15.6  grams  (l  mole)  of  cirmamyl  chloride,  no  apparent  change  took 
place,  but  after  standing  three  days  a  yellow  solid  was  obtained. 
Pure  crystals  melting  at  80°  were  obtained  by  recrystalli zation 


from  li groin. 

Analysis:  weight  of  subs.  .1988 

weight  of  AgCl  .1048 

f;  CI  calc.  for  C16H1302C1  13.03$ 

$  CI  found  13.16$ 


Cinnamyl  Chloride  and  Para  Brora  Benzaldehyde. 

A  mixture  of  4.5  grans  (1  mole)  of  cinnamyl  chloride  and 
5  grams  (1  mole)  of  i^ara  brom  benzaldehyde  gave  a  yellow  solution 
which  completely  solidified  in  three  hours.     This  material  was  pul- 
verized, wasned  with  absolute  ether  and  r ecrystallized  from  ligroin. 
M.P.  92-93°. 

Analysis:  weight  of  3ubs.  .3043 

weight  of  mixed  silver  halides 

calc.  for  ClsH1?i02BrCl  .1935 

weight  of  mixed  silver  halides 

found  . 1938 

Cinnamyl  Chloride  and  Anisic  Aldehyde. 

Equimol  ecular  amounts  of  these  two  substances  reacted 
to  give  a  solution  which  never  solidified,  and  no  analysis  was 
made. 

Cinnamyl  Chloride  and  Piperonal. 

Equimol  ecular  amounts  of  Cinnamyl  Chloride  and  piperonal 

were  mixed  and  the  resulting  oil  was  allowed  to  stand  in  a  tightly 


stoppered  Erlenmeyer  flask.  Tn  2-*>  months  the  material  was  nearly 
solid,  out  the  product  wa3  unstable  and  on  recrystallizat ion  from 
ligroin,  cinnamic  acid  was  the  only  solid  obtained, 

Cinnamyl  Chloride  and  Vanillin. 

5  grams  (1  mole)  of  cinnamyl  chloride  added  to  4.5  grams 
(1  mole)  of  vanillin  gave  a  solution  which  solidified  within  tv.enty- 
four  hours.     The  product  was  very  unstable  and  decomposed  completely 
in  the  process  of  crystallization. 

Cinnamyl  Chloride  and  Methyl  Vanillin. 

When  5  grams  (l  mole)  of  cinnamyl  chloride  was  treated 

25 

with  5  !-:rair.3  (l  mole)  of  methyl  vanillin"'  ,  a  red  solution  was  ob- 
tained which  solidified  to  a  ;oimmy  mass  within  three  hours,  but  the 
product  decomposed  before  it  con  Id  be  purified  suf  ficiently  for 
analysis. 

Trichlor  Acetyl  Chloride  =md  Eenzaldehyde. 

There  was  no  evidence  of  any  reaction  when  equimolecular 
amounts  of  the  two  substances  were  mixed.     The  material  was  allowed 
to  stand  for  two  Y!?eeks  when  it  was  distilled  in  vacuo,  but  only 
benzaldehyde  and  trichlor  acetyl  chloride  were  obtained. 

Trichlor  Acetyl  Chloride  and  Piperonal. 

Equimol ecular  amounts  of  these  substances  when  mixed  re- 
acted immediately  with  the  evolution  of  heat,  but  when  distilled  in 
vacuo  (8  mm.)  only  the  original  substances  were  obtained. 
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III.   FORMATION  OF  PHENYL  HALOGEN  METHYL  BEEfZOATS-PIRIDIUE  ADDITION 

COMPOUNDS. 

Phenyl  Brora  Methyl  Benzoate  and  Pyridine. 

33  grams  of  phenyl  brora  methyl  benzoate  were  added  in 
small  portions  to  150  cc.  of  pyridine.     The  material  went  into  so- 
lution slowly  but  except  for  a  very  slight  warming  of  the  mixture 
there  was  no  evidence  of  a  reaction.     On  standing,  however,  cry- 
stals began  to  deposit  and  soon  a  very  heavy  precipitate  had  form- 
ed.    The  solid  material  was  filtered  off  and  found  to  be  very  sol- 
uble in  water.     The  water  solution,  which  had  a  neutral  reaction, 
gave  an  immediate  precipitate  of  silver  bromide  on  the  addition  of 
silver  nitrate.     The  material  was  purified  by  dissolving  in  abso- 
lute alcohol  and  precipitating  with  absolute  ether.    H.P.  180°  with 

decomposition.    Analysis  showed  it  to  be  the  addition  compound  of 

H 

phenyl  brom  methyl  benzoate  and  pyridine,  CgHg-C-O-0©-CUHg 

I  II 

Analysis:  weight  of  subs.  .5954  .5934 

No.   cc.   AgN03  17.14  17.14 

N.F.   pf  AgTI03  solution  .0934  ,0934 

fc  Br  calc.  for  C^H^O  NBe  31.62  21.62 
#  Br  found  31.50  31.58 

Benzoyl  Broraide-Pyridine  Addition  Compound  and  Benzaldehyde. 

11.7  grams  (l  mole)  of  benzoyl  bromide  were  added  to  8 
grams  (l-J  .moles)  of  pyridine.     The  reaction  started  at  once  with 
the  liberation  of  a  considerable  amount  of  heat.     The  temperature 
was  kept  down  by  means  of  an  ice  bath.     The  solid  material  which 
resulted  from  the  reaction,  wa3  crushed  up  and  6.7  gra.ms  (1  mole) 

of  benzaldehyde  were  added  and  the  mixture  was  stirred  with  a  :.lass 


-43- 

rod.     Considerable  heat  wa3  evolved,   and  as  the  mixture  cooled  it 
set  to  a  sticky  mass,  which  soon  became  hard.     This  product  was  pul- 
verized, washed  several  times  with  absolute  ether,  and  purified  by 
dissolving  in  absolute  alcohol  and  precipitating  with  absolute  eth- 
er.    When  the  ether  was  first  added  a  dark  red  oil  separated.  The 

clear  solution  was  decanted  from  the  oil  ^.nd  when  cooled  deposited 

N  c 
White  crystals  of  C6H5 -Q-0 -C0-0 -Cg H5 ,   M.P.  179-130  . 

Er  -if  ^ 

The  red  oil  which  separated  before  crystallization  began,  solidified 

and  when  dissolved  in  absolute  alcohol  and  treated  with  absolute 

ether,  crystals  of  the  addition  compound  separated. 
H 

"'eight  of  Cq Hq -O^C -  CO -0 -Cg H5        12  grains. 
3r— .f? 

Benzoyl  Chloride-Pyridine  Addition  Compound  and  Benzaldehyde. 

A  mixture  of  10  grams  of  benzoyl  chloride  and  5.5  grams 
of  pyridine  were  allowed  to  stand  over  night.     Only  a  few  crystals 
had  separated  by  that  time.    Tnen  7.5  ^ra^ns  of  b en z aldehyde  were 
added  a  reaction  took  place  at  once  with  the  liberation  of  a  con- 
siderable amount  of  heat.     The  mixture  solidified  in  about  ten  min- 
utes and  was  purified  by  dissolving  in  absolute  alcohol  and  precip- 
itating with  dry  ether.     Analysis  showed  the  compound  to  be  the  ad- 

H      0  0 
dition  product  Cg -C-0 - C-Oq % .     M.P,  192    with  decomposition. 

ci-i£3 

I  II 

Analysis:  vrei;;ht  of  subs.  .6210  .5910 

No.   cc.  AgNOg  18.37  17.81 
N.F.   AgU03                                     .1022  .1022 

#C1  calc.  for  ^oH^OgNCl,  10.90$  10.90$ 

$C1  found  10.90$  10.93$ 

Benzoyl  Chloride-Benzaldehyde  Addition  Compound  and  Pyridine, 

The  benzoyl  chloride-benzaldehyde  addition  compound  was 
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pr  spared  by  mixing  10  grams  (l  mole)  of  benzoyl  chloride  and  7.5 
grams  (l  mole)  of  benzaldehyde.     These  substances  reacted  with  the 
evolution  of  a  considerable  amount  of  heat,  giving  a  red  oil.  This 
oil,  when  cold,  was  poured  into  35  ^rams  of  pyridine.     The  mixture 
began  to  warm  up,  but  the  temperature  was  kept  down  by  means  of  an 
ice  bath.     In  about  five  minutes  crystals  beg°n  to  serrate,  and 
in  half  an  ho\ir  the  mixture  was  solid.     The  solid  material  was  fil- 
tered off  and  purified  by  dissolving  in  absolute  alcohol  and  pre- 
cipitating with  dry  ether.     The  product  proved  to  be 

C-H_-6-Q-$-C-H_,  M.P.  193°  with  deconraosit ion 

Yield,  17  grams. 

Para  Nitro  Benzoyl  Bromide-Para  Methoxy  Benzaldehyde  Addition  Ccm- 

pounu  and  Pyridine. 

7  grama  (1  mole)  of  para  nitro  benzoyl  bromide  reacted 

at  once  with  4.1  r;rams  (l  mole)  of  para  methoxy  benzaldehyde,  with 

the  liberation  of  considerable  heat.     Crystals  be£?n  to  separate  . 

at  once,  and  within  two  minutes  a  greenish  yellow  solid  was  obtained 

This  substance  was  pulverized  and  added  in  small  amounts  to  35 

^rarns  of  pyridine.     Complete  solution  took  place.     "rithin  a  few 

minutes  crystals  of  the  pvridine  addition  compound  separated.  The 

solid  material  was  filtered  off,  dissolved  in  absolute  alcohol  and 

precipitated  with  dry  ether.     After  drying  in  vacuo  over  sulfuric 

acid,  the  product  was  analyzed.     M.P.  of  the  compound 

CH3-0  — CZV~y-°  -CO  -{  VT0o,     1 26  -1 38° . 
Br-iC3 

Analysis:  weight  of  subs.  .6097 

No.   cc.  AgK03  13.55 

I.F,  .1023 

fat  oalo.  for  q30%7<fc%Br;L7.97# 
#Br  found  18.17$ 


-45- 

Ortho  Methyl  Benzoyl  Bromide-Benzaldehy&e  Addition  Compound  and 
Pyridine. 

There  was  no  evidence  of  reaction  When  5  grams  (l  mole) 
of  ortho  methyl  benzoyl  bromide  were  added  to  3.6  crams  (l  mole)  of 
benzaldehyde,  but  after  standing  over  night,  a  semi  solid  product 
■vas  obtained.     This  was  added  to  one  mole  of  pyridine  and  the  mix- 
ture stirred  with  a  glass  rod  till  it  solidified.     This  solid  sub- 
stance was  pulverized,  dissolved  in  absolute  alcohol  and  precipi- 

H  0 

tatsd  with  dry  ether.     The  adiition  compound,  C^H^C-O^C-^) 

obtained  in  this  way  melted  at  203°  with  decomposition. 

I  II 

Analysis:     weight  of  subs.                           .6530  .7751 

No.   cc.  AgNQ-                           17.08  19.91 

N.F.   AgN03                                    .1032  .1022 

<f>Bx  calc.   for  C20H1802NBr      30.83?'  30. 8$ 

fcBr  found                                31. 06$  31.00$ 

IV.  REACTIONS  OF  PHENYL  BROM  METHYL  BEIT 70 ATE  WITTJ  MIINES. 

As  a  rule  the  reactions  between  phenyl  brom  methyl  benzo- 
ate  and  amines  -/ere  carried  out  in  dry  ether  solution.     An  exception 
to  this  procedure  is  found  in  the  reactions  with  primary  arom-tic 
amin3s,    nost  of  which  were  carried  out  without  a  solvent,   in  order 
to  make  the  experimental  conditions  the  same  as  those  under  which 
similar  reactions  were  carried  out  in  previous  work  in  this  labor- 
atory    .     In  one  case  the  reaction  with  a  primary  aromatic  amine 
was  repeated,  using  dry  ether  as  a  solvent,  but  the  products  of 
the  reaction  were  the  same  as  when  no  solvent  was  used. 

It  was  found  that  when  phenyl  brom  methyl  benzoate  was 
mixed  Y/ith  the  amines,  reaction  took  place  almost  immediately,  some- 
times with  the  evolution  of  considerable  heat,  particularly  in  the 


v 


03.333  where  no  solvent  was  used,  ^s  might  be  expected,  primary  and 
secondary  alifatic  amines  yielded  with  phenyl  brom  methyl  benzoate, 
substituted  benzamides,  with  benzaldehyde  and  the  amine  salt  as  the 
other  products.     From  the  reaction  with  a  tertiary  alifatic  amine, 
an  addition  compound  was  obtained.     The  hydrobromides  of  substituted 
benzylidine  anilines  were  produced  by  the  action  with  primary  aromat 
ic  amines.     Secondary  and  tertiary  aromatic  amines  produced  dyes  of 
the  tri phenyl  methane  type. 

The  phenyl  brom  methyl  benzoate  used  in    all  the  reactions 
studied,  was    freshly  prepared  by  mixing  equiraolecular  amounts  of 
benzoyl  bromide  and  benzaldehyde.     A  small  piece  of  zinc  chloride 
v/as  ">dded  to  catalyze  the  reaction.     Usually  solidification  toolc 
place  within  three  hours,  after  which  the  material  was  pulverized 
and  crystallized  from  petrel  ether  (B.P.  80-70°).     One  crystalliza- 
tion always  ^ave  a  pure  white  compound,  melting  82-70°,  so  that 
further  purification  was  unnecessary. 

Phenyl  Brom  Methyl  Benzoate  and  Methyl  .^mine. 

35  grams  ( somet^in^  over  3  moles)  of  methyl  amine  hydro- 
chloride were  dissolved  in  50  cc.  of  water  and  the  solution  was 
slowly  dropped  into  a  gently  boiling  solution  of  NaOH  (30  grams  of 
NaOH  in  370  cc.  water).     The  methyl  amine  thus  obtained  wa3  passed 
through  two  large  dryin;;  towers  filled  with  soda  lime  and  into  a 
solution  of  45  grams  of  phenyl  brom  methyl  benzoate  in  4^0  cc.  of 
absolute  ether.     A  white  precipitate  began  to  form  in  about  five 
minutes,   increasing  in  amount  until  it  was  quite  heavy  by  the  time 
all  of  the  amine  had  been  .added.     The  flask  was  xi^htly  stoppered 
and  after  standing  over  ni^ht,  the  white  3olid  was  filtered  off 
•?nd  washed  with  absolute  ether.     The  white  solid  was  analyzed  and 
found  to  be  methyl  amine  hydrobromide.     The  ether  solution  was 
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evaporated  in  vacuo  and  the  oil  thus  obtained  was  fractionated 

under  reduced  pressure.     The  first  fraction  boiled  up  to  160°  at  70 

ram.,  .and  the  second  fraction  up  to  230°  at  70  mm.     This  higher  boil- 

Q  J* 

lag  fraction  solidified  and  was  found  to  be  CUHR -C-MC^      ,  M. P. 78-9° 

°  GHg 

The  lever  boiling  fraction  was  distilled  under  ordinary  pressure  and 
proved  to  be  benzylidene  methyl  amine,  boiling  point  180-181°. 
Analysis  of  the  methyl  amine  hydrobromide: 


weight  of  subs.  .1997 

Wo.   cc.  of  AgII03  17.49 

N.F.  of  kg»0$  .1023 

fcBr  calc.  for  CHgNBr  71. 43^ 

icBx  found  71.30$ 

weight  of  CH^-NHg.HBr  15  grams 

weight  of        Js:Jf.  0H,  IS  grams 
b  ^(p      H  * 

weight  of  CUSUC«]\  16  grams 


NCR3 

Phenyl  Brom  Methyl  Benzoate  and  Diethyl  Amine. 

A  solution  of  40  grams  of  phenyl  brom  methyl  benzoate  in 
absolute  ether  was  added  slowly  to  an  absolute  ether  solution  of  30 
grams  (3  moles)  of  diethyl  amine,  and  almost  immediately  a  white 
precipitate  of  diethyl  amine  hydrobromide  began  to  form.     Enough  heat 
was  generated  to  cause  the  ether  to  boil.     After  standing  over  night 
the  solution  was  filtered  and  the  ether  evaporated.     The  oil  thus 
obtained  was  distilled  in  vacuo  and  the  following  fractions  taken: 
Fraction  I  CP.  89°  at  35  mm. 

— J 

Fraction  II  Boiling  160-175°  at  35  mm. 

The  two  fractions  were  redistilled  under  ordinary  pressure 
and  were  found  to  be  bens  aldehyde,  boiling  at  179-182°,  and  diethyl 
benz amide,  boiling  at  278-383°. 
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w eight  of  CgHgCHO  10  grams 

weight  of  CgHgG-HCCgHg)-  IS  grams 

weight  of  (n2H5)2>rri.HBr  31  grams 

Phenyl  3rom  Methyl  Benzoate  and  Trimethyl  Amine. 

The  trimethyl  amine  was  obtained  by  dropping  a  concentrat- 
ed water  solution  of  100  grams  of  trimethyl  amine  hydrochloride  into 
a  hot  10$  solution  of  sodium  hydroxide.     It  was  passed  through  two 
drying  towers  filled  with  soda  lime  and  into  a  solution  of  39  grams 
of  phenyl  brora  methyl  benzoate  in  500  cc.  of  absolute  ether.  Almost 
immediately  a  white  precipitate  began  to  form  and  by  the  time  the 
three  moles  of  trimethyl  amine  had  been  passed  into  t  :e  reaction 
mixture  the  whole  solution  had  become  a  thick  mush.     There  was  a 
Blight  rise  in  temperature.     The  white  solid  (A)  was  filtered  off 
and  the  ether  was  evaporated  to  dryness.     There  was  no  residue.  The 
white  solid  was  completely  soluble  in  water,  and  this  solution  when 
treated  with  sodium  hydroxide  gave  off  trimethyl  amine.     The  odor 
of  benzaldehyde  could  also  be  detected.     Acidification  of  the  sodium 
hydroxide  solution  precipitated  benzoic  acid.     The  material  (A)  was 
r ecrystalli zed  from  alcohol,  and  bad  a  melting  point  of  136-137°. 
After  drying  for  several  weeks  in  vacuo  over  sulfuric  acid,  the  sub- 
stance was  analyzed  and  found  to  be  the  addition  compound 

H 

0Br-ft(CH3)3  6  ° 


Analysis: 


weight  of  subs.  .2042 

weight  of  AgBr  .1080 

$Br   calc.  for  C17H2003NBr  22.85$ 

$Br  found  33.50$ 
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II 


weight  of  subs. 


.  2632 


weight  of  AgBr 


.1400 


J&Br  calc.  for  C17H2002NBr 
^Br  found 


33.85$ 


Phenyl  Brom  Methyl  Benzoate  and  Ortho  Chlor  Aniline. 

When  10  grams  (1  mole)  of  phenyl  brom  methyl  "benzoate 
and  4.3  grams  (l  mole)  of  ortho  chlcr  aniline  w er e  mixed  without 
solvent,  they  reacted  almost  immediately,  with  the  evolution  of  a 
great  deal  of  heat.     The  mixture  was  st.irred  with  a  :rlass  rod  un- 
til it  solidified,  about  five  minutes.     The  yellow  solid  thus  ob- 
tained was  pulverized  and  washed  three  time3  with  absolute  ether. 
The  ether  washings  yielded  on  evaporation  4  grams  of  benzoic  acid 
(M.P.  121-122  ).     A  portion  of  the  yellow  solid  (a)  remaining  from 
the  ether  extraction  was  treated  with  water  and  found  to  deccir.pose 
instantly  into  benzaldebyds  and  ortho  chlor  aniline  hydrobromide. 
The  dry  solid  (A)  was  placed  in  a  beaker  and  50  cc.  of  20^  sodium 
hydroxide  were  added.     The  ether  extract  of  this  mixture  was  dried 
over  CaClp  and  the  ether  evaporated,   and  the  oil  remaining  was 
rubbed  with  a  class  rod  till  it  solidified.     Its  melting  point  was 
found  to  be  54  .     A  mixed  melting  point  with  some  benzylidene  ortho 
chlor  aniline  (prepared  from  benzaldehyde  and  ortho  chlor  aniline) 

o  ,  V 

was  ta^en  and  found  to  be  54  .     The  yellow  3olid  (A)  was  analyzed 
for  bromine  by  the  Volhard  method  and  proved  to  be  the  hy.lrobromide 
of  benzylidene  ortho  chlor  aniline. 


Analysis: 


weight  of  subs. 


.5429 


No.   cc.  AgN03 


17.84 


S;F.  of  AgTT03 


.1022 
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fBx  cale.  for  C  H  NBrCl 
#Br  found 

weight  of  06H5COOH 
w-ight  of  C6H56:N-^Z^ 


26.9fif- 
25. 86$ 


4  grams 
4  grams 


Phenyl  Brora  Methyl  Benzoate  and  Para  Chlor  Aniline. 

An  immediate  reaction  took  place  *7hen  an  absolute  ether 
solution  of  51  ?rams  (l  mole)  of  phenyl  brom  methyl  benzoate  was 
added  to  an  absolute  ether  solution  of  22  grams  (l  mole)  of  para 
chlor  aniline.     A  white  precipitate  formed,  but  tvere  was  no  change 
of  temperature.     After  standing  over  night,  the  precipitate  had 
become  yellow  in  color.     This  material  (A)  was  filtered  off  and 
washed  with  absolute  ether  and  the  combined  ether  solutions  evapora- 
ted to  dryness.     Benzoic  acid  was  the  only  product  obtained.  The 
yellow  solid  (A)  was  placed  in  a  beaker  and  an  excess  of  10$  scdium 
hydroxide  was  added.     The  ether  extract  of  this  mixture  yielded  on 

evaporation  benzylidene  para  chlor  aniline,  M.P.  31-63°.     This  coro- 

36 

pound  was  prepared  by  Hantzsch  an~  Schwab      from  benzaldehyde  and 

para  chlor  aniline,  and  was  reported  by  them  as  melting  at  62°. 

H 

weight  of  CgHg-^fl-J — Q — CI  46  Trams 


Br  H 


weight  of  C6H5C00H 


32  grams 


Phen3'l  Brom  Methyl  Benzoate  and  Para  Chlor  Aniline. 

On  mixing  10  grams  (1  mcle)  of  phenyl  brom  methyl  benzoate 
ani  4.3  grams  (l  mole)  of  para  chlor  aniline,  without  solvent,  a  re- 
action took  place  at  once  with  the  evolution  of  a  great  deal  of  heat 
The  material  did  not  liquify,  but  it  became  quite  soft  and  sticky, 
ani  soon  hardened  into  a  yellow  3olid.  This  material  was  pulverized 
and  treated  with  30  cc.  of  g0#  sodium  hydroxide  solution.     The  ether 
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extract  of  this  mixture  was  dried  over  calcium  chloride  and  the 
ether  evaporated,   and  the  benzylidene  para  chlor  aniline  crystalliz- 
ed from  alcohol.     1,1. P.  62°.     The  sodium  hydroxide  solution  on  acidi- 
fication yielded  benzoic  acid. 

weight  of  OgHgCOOH  4  grams 

H   

weight  of  CgH56:N— yUV'Cl  6  grams 

Phenyl  Brora  Methyl  Benzoate  and  Para  Toluidine. 

A  vigorous  reaction  took  place  immediately  when  10  grams 
(l  mole)  of  phenyl  brom  methyl  benzoate  was  mixed  with  3.7  grams 
(l  mole)  of  para  toluidine.     A  great  deal    of  heat  was  liberated 
and  tne  material  liquified,  but  30on  hardened  to  a  yellow  solid.  This 
product  was  pulverized  and  washed  several  times  with  dry  ether.  On 
evaporation  of  the  ether,  benzoic  acid  -7as  obtained.     The  yellow 
solid  remaining  after  the  ether  extraction  was  analyzed  and  found 
to  be  the  hydrobromide  of  benzylidene  para  toluidine. 

Analysis:     weight  of  subs.  .5949 
No.   cc.   AgNOg  31.36 
N.F.   of  AgN03  sol.  .1033 
fcBr  calc.   for  C14H14NEr  38.98$ 
?7Br  found  29.31$ 

Phenyl  Brora  Methyl  Benzoate  and  Mono  Ethyl  .Aniline. 

When  an  absolute  ether  solution  of  40.5  grams  (1  mole)  of 
phenyl  brom  methyl  benzoate  was  mixed  with  an  absoluta  ether  solu- 
tion of  33.6  grams  (2  moles)  of  mono  ethyl  aniline,  a  bright  red 
solution  was  obtained  almost  immediately,  followed  by  the  separation 
of  a  dark  red  oil,  leaving  a  yellowish-orange  colored  solution. 
Enough  heat  was  generated  to  make  the  ether  boil.     After  refluxing 
the  material  for  eight  hours,  the  ether  was  decanted  from  the  dark 
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red  gummy  mass  (A)  in  the  bottom  of  the  flask.     The  ether  was  extract 
ed  successively  with  NapC03  solution  and  dilute  HC1  which  yielded  re- 
spectively 11  grama  of  benzoic  acid  and  S.5  grams  of  mono  ethyl  ani- 
line.    On  evaporation  of  the  ether  .5  '^rarr.  of  o enzaldehyde  was  ob- 
tained. 

An  attempt  was  made  to  reduce  some  of  (A)  with  stannous 

chloride  but  there  was  no  reaction.     r';hen  oxidized  with  PbOg  and  HC1 

a  green  solution  was  obtained.     An  alcohol  solution  of  (A)  was  red 

in  direct  light  and  green  in  reflected  light.     With  HgClo,   it  gave 

a  white  precipitate  which  turned  blue  on  drying.     These  properties 

H        '  /H 

correspond  to  those  of  the  compound  CfiHR y  > which  is 

^  C2H5 


3? 

described  by  Schiff  . 


CoH5 


weight  of  CgH5C00H  11  gram3 

weight  of  recovered  CgHgNH.  8.5  grama 
weight  of  gummy  material  48  grams 

Phenyl  Brom  Methyl  Benzoate  and  Diphenyl  Amine. 

An  absolute  ether  solution  of  57,3  grams  (3  moles)  of  di- 
phenyl amine  was  added  zo  an  absolute  ether  solution  of  49.3  grams 
(1  mole)  of  phenyl  brom  methyl  benzoate  and  the  mixture  was  shaken 
vigorously.     In  about  a  minute  a  colorless  precipitate  began  to 
form,  and  the  solution  became  dark  red  in  color,  but  there  was  no 
apparent  temperature  change.     On  standing  for  one  ?nd  one-half  hours 
the  solution  began  to  turn  green  and  a  gummy  deposit  formed.  After 
standing  for  three  days  the  solution  was  filtered  and  the  ether  was 
extracted  with  sodium  carbonate  solution.     This  alkaline  extract 

yielded  13  grams  of  benzoic  acid.  No  ben z aldehyde  could  be  found  in 
the  ether  solution. 
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The  residue  left  after  filtering  appeared  to  be  of  two 
kinds,  a  dark  greed,  gummy  mass,  and  a  very  light  green,  hard  brit- 
tle substance,  this  latter  being  the  material  which  precipitated 
first.     The  whole  mass  was  ground  up  and  extracted  with  a  fairly 
large  volume  of  ether.     Alcohol  was  added  to  the  ether  solution  and 
a  white,  gummy  substance  precipitated.     This  material  turned  green 
on  exposure  to  air. 

The  residue  remaining  from  the  ether  extraction  was  dis- 
solved in  a  mixture  of  benzene,  alcohol,  and  sodium  hydroxide  solu- 
tion, giving  a  reddish-Tar  own  solution.    On  adding  water,  the  benzene 
solution  separated.     This  was  washed  twice  with  water  and  dried, 
and  dry  HOI  gas  was  passed  in  till  the  solution  was  saturated.  The 
hydrochloride  salt  precipitated  as  a  green  mass.     This  material  was 
filtered,   and,  when  dry,   it  was  dissolved  in  boiling  alcohol  acid- 
ified with  HC1.     After  filtering  the  hot  solution,  it  was  diluted 
with  one-fourth  its  bulfc  of  dilute  HC1 ,  and  on  cooling  the  hydro- 
chloride was  deposited  in  granular  form.     This  behavior  corresponds 
to  that  of  the  compound      % "C-Q^  ,  described  by  Meldola  . 

Cl  CGH5 

In  this  same  reference  the  preparation  of  this  dye  from  benzoyl 
chloride  and  diphenyl  amine,  and  from  benzaldehyde  and  diphenyl 
amine  is  described.     The  former  method  gives  rather  poor  yields  of 
the  dye  itself,  while  the  latter  method  p.'ives  much  better  yields  of 
the  leuco  base.     Since  the  reaction  between  the  phenyl  brom  methyl 
benzoate  and  the  diphenyl  amine  yielded  both  the  leuco  base  and  the 
dye  itself,  it  is  evident  that  the  phenyl  brom  methyl  benzoate  acted 
like  a  mixture  of  benzoyl  bromide  and  benzaldehyde,  and  in  order  to 
get  a  maximum  yield  of  the  dye-stuff,   four  moles  instead  of  two  mole 
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of  the  amine  should  have  been  used.    Failure  to  find  benzaldehyde  in 
the  original  ether  solution  might  have  been  due  to  its  oxidation  to 
benzoic  acid  during  the  three  days  that  the  reaction  mixture  stood 
before  being  worked  up.     In  the  reaction  as  run,  the  amount  of  dye 
exceeded  the  amount  of  leuco  base,  due  no  doubt  to  the  oxidation  of 
the  leuco  base  during  the  three  days  standing  before  the  reaction  mi:<  - 
ture  was  worked  up. 

weight  of  C5H5COOH  13  grams 

Phenyl  Brom  Methyl  Benzoate  and  Dimethyl  Aniline. 

Fnen  an  absolute  ether  solution  of  39  gr»ras  (l  mole)  of 
phenyl  brom  methyl  benzoate  was  added  to  an  absolute  ether  solution 
of  49  grams  (3  moles)  of  dimethyl  aniline,  a  cloudiness  appeared 
almost  immediately,  but  there  was  no  other  evidence  of  a  reaction. 
The  mixture  was  refluxed  for  four  hours,  by  which  time  the  solution 
had  become  slightly  green  in  color  and  a  small  amount  of  a  thick, 
viscous  mass,   (A),  greenish  brown  in  color,  had  separated.  The 
ether  solution  was  decanted  and  extracted  with  dilute  sodium  carbon- 
ate solution,  then  with  dilute  hydrochloric  acid.     These  extracts 
yielded  respectively  4  grams  of  benzoic  acid  and  33.5  grams  of  di- 
methyl aniline.     The  ether  solution  was  dried,  and  the  ether  evapor- 
ated, and  the  resulting  oil  distilled  in  vacuo.    At  first  the  mater- 
ial was  colorless,  but  towards  the  end  of  the  distillation  it  sud- 
denly became  intensely  green  in  color  (B) .    At  this  point  the  dis- 
tillation was  stopped.     The  distillate  consisted  of  3.3  grams  of 
b  en  3  aldehyde,  which,  together  with  the  benzoic  acid  indicated  above, 
came  from  the  decomposition  of  unchanged  phenyl  brom  methyl  benzoate 
by  the  3odium  carbonate  solution. 

The  green  residue  (B)  left  in  the  distilling  flask  after 
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the  removal  of  the  benzaldehyde  was  dissolved  in  alcohol  and  the  sol- 
ution concentrated.     In  this  way,  a  *rass  of  green  crystals  was  ob- 
tained. 

The  greenish  brown  viscous  mass  (A)  left  in  the  original  re- 
action flask  could  not  be  made  to  crystallize  from  alcohol,   so  it  was 
dissolved  in  water  and  treated  with  zinc  and  hydrochloric  acid.  This 
mixture  was  extracted  with  ether  and  the  leuco  base  of  malachite 
green  was  obtained.     M.P.   from  alcohol  92-93°. 

weight  of  benzoic  acid  4  grams 

weight  of  benzaldehyde  3.3  grams 

weight  of  dimethyl  aniline 

recovered  33.5  grams 

weight  of  malachite  green  3.5  grams 

Phenyl  Brora  Methyl  Benzoate  and  Dimethyl  Aniline. 

An  absolute  ether  solution  of  46.5  grams  (3  moles)  of  di- 
methyl aniline  was  added  to  an  absolute  ether  solution  of  55.5  grams 
(l  mole)  of  phenyl  brora  methyl  benzoate  and  the  solution  refluxed 
for  nine  hours.     A  considerable  amount  of  a  green  viscous  mass  had 
separated  by  that  time,  and  the  solution  had  become  vsry  green  in 
color.    After  evaporating  the  ether,  the  material  was  steam  distilled 
in  order  to  remove  any  unchanged  dimethyl  aniline  as  well  as  benzoic 
acid  and  benzaldehyde  from  the  decomposition  of  any  unchanged  phenyl 
brom  methyl  benzoate.     The  distillate  was  extracted  with  ether,  and 
the  ether  solution  was  washed  first  with  sodium  carbonate  solution, 
then  with  dilute  hydrochloric  acid,  and  finally  was  dried  over  CaClo 
and  distilled.     These  procedures  yielded  respectively  4.3  grams  of 
benzoic  acid,  11.3  grams  of  dimethyl  aniline,  and  1.5  grams  of  benz- 
aldehyde. 

Treatment  of  the  Residue  from  the  Steam  Distillation: - 

As  much  water  a3  possible  was  distilled  off  and  an  attempt 
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wae  made  to  recrystallize  the  green  mass  that  remained.     The  attempt 
was  unsuccessful.     The  material,  weighing  55  grams,  was  reduced  with 
zinc  and  hydrochloric  acid  and  the  leuco  base  of  malachite  green 
vvas  obtained. 

weight  of  recovered  CgHgN( CH3) ?t  11..8  grams 

weight  of  CgH5C00H  4.3  grams 

weight  of  CUHgCHO  1.5  grams 

V  .  REACTIONS  OF  PHENYL  BROM  METHYL  BENZOATE  AND  SUBSTITUTED  BENZOATE 
WITH  METALS  AND  ALUMINUM  AMALGAM. 
Phenyl  Brom  Methyl  Benzoate  and  Zinc. 

3.9  grams  (-g-  mole)  of  zinc  dust  were  divided  into  two  por- 
tions and  these  added  separately  to  a  solution  of  35  grams  of  phenyl 
brom  methyl  benzoate  in  300  cc.  of  absolute  ether.     The  solution 
slowly  turned  dark  red  in  color.     After  refluxing  the  mixture  for 
five  hours,   the  zinc  was  filtered  off  and  the  ether  evaporated.  In 
this  manner,  there  was  obtained  a.  dark  red  oil  which  solidified  on 
standing.     This  material  was  washed  with  absolute  ether  and  recry- 
et  alii  zed  from  benzene.     The  pure  white  crystals  thus  obtained  melt- 
ed at  346-247°.     The  melting  point  recorded  in  the  literature  for 

H 

the  compound,  CgH5-C-0-C0-CgH5    ,  is  347  .     The  water  extract  of 

c6H5-i-n-co-csH5 

the  zinc  gave  qualitative  tests  for  zinc  and  bromine. 

Phenyl  Brom  Methyl  Benzoate  and  Zinc. 

35  grams  of  zinc  dust  were  divided  into  three  portions 
and  these  added  separately  to  a  solution  of  38  grams  of  phenyl  brom 
methyl  benzoate  in  300  cc.  of  ether,  the  mixture  being  kept  well 
shaken  during  the  process.     After  the  first  addition  there  was  no 
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apparent  change  for  two  or  three  minutes,  then  the  mixture  began  to 

warm  up  rapidly  till  the  ether  began  to  boil  vigorously.     As  soon  as 

this  reaction  had  ceased  the  other  two  additions  of  zinc  were  made, 

but  there  was  no  apparent  reaction.     The  zinc  dust  was  filtered  off 

at  once  and  extracted  three  times  with  boiling  ether.     These  ether 

extractions  were  added  to  the  original  ether  solution  and  the  whole 

concentrated  to  a  volume  of  100  cc.     The  whits  flocculent  material 

which  separated  was  filtered  off  and  r ecrystallized  from  benzene. 

M.P.   of  the  dibenzoate  245  -346°. 

The  filtrate  from  the  dibenzoate  was  concentrated  still 

further,   and  a  very  thick,  viscous  mass  was  obtained.     This  on 

treatment  with  sodium  hyiroxide  solution  yielded  benzoic  acid,  M.P. 

121-123°.     The  resinous  matter  left  from  this  treatment  could  not 

be  made  to  crystallize,  and  an  attempt  to  vacuum  distill  the  product 

resulted  only  in  charring  it. 

H 

weight  of  CgH5-C-0-C0-CUH5  7  rrraras 

C6H5i-0-C0-C6H5 

H 

weight  of  CgH5C00H  2.5  grams 

weight  of  resinous  material  4  grams 

Phenyl  Erom  Methyl  Eenzoate  and  Zinc. 

33  .^rams  of  phenyl  brom  methyl  benzoate  were  dissolved  in 
400  cc.  of  absolute  eth^r  and  48  grams  of  zinc  dust  were  added  in 
five  gram  portions.     A  thermometer  was  suspended  in  the  flask  so 
that  the  t e:.rper!-">  tur e  of  the  reaction  mixture  could  be  kept  at  30-25° 
throughout  the  reaction.     During  the  time  necessary  to  add  all  the 
zinc  (about  an  hour)  the  mixture  was  kept  well  shaken.     The  material 
was  then  allowed  to  stand  for  four  hours  with  only  occasional  shak- 
ing.    During  the  reaction  most  of  the  ether  had  evaporated,   30  that 
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prac tic ally  all  of  the  di benzoate  had  precipitated  out  on  the  zinc 

since  it  is  quite  insoluble  in  ether.    After  filtering  the  solution, 

the  zinc  was  extracted  twice  with  ether  and  twice  with  hot  benzene 

and  the  extraction  solvents  were  evaporated  separately  in  vacuo. 

H 

Three  grams  of  CgHg-C-O-CO-CLHg      were  obtained. 

c6h5-1-o-co-c6h5 

On  evaporation  of  the  original  sther  solution,  i  tar  was 

obtained  which  yielded  5  grams  of  benzoic  acid  when  extracted  with 

50fb  alcohol.     The  resin  which  remained  became  very  hard  and  brittle 

on  standing.     This  material  was  powdered,  and  attempts  were  made  to 

crystallize  it  from  alcohol,   ether,  benzene,  and  glacial  acetic  acid, 

but  all  were  unsuccessful,  as  the  material  always  separated  a3  a 

stringy  mass,  which  became  hard  and  brittle  again  on  standing. 

H 


weight  of  CgHg-G-0-CO-CgHg         3  grams. 
C8H5-i-0-C0-  %H5 


weight  of  CgH5C00H  5  grams, 

weight  of  tar  10  f-rrarcs. 

Phenyl  Brom  Methyl  Benzoate  and  Zinc. 

To  a  solution  of  47  grams  of  phenyl  brom  methyl  benzoate 
in  800  cc.  of  benzene,  were  added  65  grams  of  zinc  dust  in  three  por- 
tions.   During  this  time  the  mixture  was  kept  well  shaken  up.  The 
solution  turned  dark  within  a  few  minutes  and  the  temperature  rose 
about  10°  for  a  period  of  half  an  hour.    The  mixture  was  heated  on 
a  steam  cone  for  an  hour  and  filtered  hot.     The  zinc  was  extracted 
four  times  with  hot  benzene,  and  the  extraction  solutions  were  added 
to  the  original  benzene  solution  and  the  whole  concentrated  to  a 
volume  of  50  cc.     The  thick,  viscous  mass  so  obtained  was  treated 
with  250  cc.  of  dry  ether  and  filtered.     The  residue  on  the  filter 
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paper,  after  crystallization  from  benzene  melted  at  246-347  .  The 

gummy  residue  left  after  evaporation  of  the  ether  yielded  benzoic 

acid  when  extracted  with  50$  alcohol. 

H 

weight  of  CqH5-C-0-C0-CqH5  1  gram. 

c6H5-i-o-co-c6H5 

weight  of  C-HgCOOH  10  grarr.s 

weight  of  tar  8  grams 

Para  Brora  Phenyl  Brom  Methyl  Benzcate  and  7inc. 

The  para  brom  phenyl  brom  methyl  benzoate  was  prepared  by 
mixing  equiraolecular  amounts  of  para  brom  benzaldehyde  and  benzoyl 
bromide  and  r ecrystallizinc  the  product  from  petrol  ether.  (B.P.60- 
70°). 

15  grams  of  the  para  brom  phenyl  brom  methyl  benzoate 
were  dissolved  in  200  cc.  of  absolute  ether  and  20  grams  of  zinc 
dust  were  added  in  three  portions.     The  mixture  was  kept  well  shaken 
for  an  hour  and  then  refluxed  for  four  hours  after  which  the  solu- 
tion was  filtered  and  the  ether  evaporated  in  vacuo.     After  rscry- 
stallization  of  the  solid  product  thus  obtained  from  benzene,  it 
was  analyzed.     LI. P.  of  the  substance  225°. 

The  zinc  was  extracted  three  times  with  hot  benzene  and 
the  benzene  solution  distilled  in  va.cuo.     There  was  no  product  ob- 
tained in  this  way. 

J          H  0 

weight  of  Br-^Z/-^-0-fi-C6H5        3  grams,     lS.8fc  yield 

H  0 

Analysis:  weight  of  subst.  .0572 
weight  of  AgBr  .0368 
#Br  calc.   for  C28H2004Er2  27.58 
foBr  found  27.37 
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Meta  Nitro  Phenyl  Brcrn  Methyl  Benzoate  nnd  2inc. 

The  meta  nitro  phenyl  brom  methyl  benzoate  was  prepared  "cy 
mixing  equimol  3cular  amounts  of  meta  nitro  benzaldehyde  and  benzoyl 
bromide,  and  r ecrystailizing  the  product  from  petrol  ether. 

To  an  absolute  eth=r  solution  of  30  grams  of  meta  nitro 
phenyl  brom  methyl  oenzoate  were  added  30  grams  of  zinc  dust  in  two 
portions,   keeping  the  mixture  well  shaken  meanwhile.     The  mixture 
was  then  refluxed  for  three  hours,  and  filtered.     The  ether  solution 
was  concentrated  in  vactic  and  a  mass  of  crystals  were  obtained.  These 
proved  to  be  unchanged  meta  nitro  phenyl  brom  methyl  benzoate. 

Phenyl  Brom  Methyl  Benzoate  and  Copper  Powder. 

The  copper  powder  was  prepared  by  adding  zinc  dust  to  a 
solution  of  copper  sulfate.     After  standing  over  night  the  copper 
was  filtered  off  and  digested  with  concentrated  hydrochloric  acid  to 
remove  all  the  zinc.     Then  the  copper  was  washed  with  water  till  the 
washings  gave  no  test  for  the  chloride    ion,  after  which  it  was  wash- 
ed with  alcohol  and  ether  and  dried  in  a  sulfuric  acid  dessicator. 

39  grams  of  phenyl  brom  methyl  benzoate  were  dissolved 
in  300  cc.  of  dry  ether  and  50  grains  of  copper  ponder  were  added  in 
three  portions,  during  a  period  of  one-half  hour.     The  mixture  was 
kept  well  shaken  d.uring  the  addition,  after  which  it  was  refluxed 
for  3-j5  hours.    The  copper  was  filtered  off  and  extracted  several 
times  with  hot  benzene,   and  the  benzene  and  ether  solutions  were 
concentrated  in  vacuo,   separately,  to  a  volume  of  50  cc.   each,  and 
filtered.     The  solid  material  thus  obtained,  after  crystallization 
from  benzene,  melted  at  247°.     The  ether  solution  was  evaporated  to 
dryness  and  the  tarry  residue  yielded  benzoic  a,cid  when  extracted 
with  sodium  hydroxide  solution. 
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w eight  of  Cg Hg -C-0 -CO-Cg Hg  6  grama 

CkH5-C-0-C0-C6H5 

weight  of  CgHgCOOH  2.5  grama 

weight  of  tar  5  grams 

Phenyl  Brom  Methyl  Benzoate  and  Sodium. 

30  grams  of  phenyl  brom  methyl  benzoate  were  dissolved  in 

200  oc.  of  dry  ether  and  2  grams  of  sodium  in  small,   freshly  cut 

flakes,  were  added  in  the  course  of  two  hours.     The  sodium  became 

coated  over  tjtiite  rapidly  so  that  fresh  additions  had  to  be  made 

from  time  to  time.     The  material  was  kept  gently  boiling  on  a  steam 

cone  for  twenty-four  hours,  by  which  time  a  small  amount  of  a  white 

precipitate  had  formed.     After  filtering  the  solution,  the  ether 

was  evaporated  to  a  small  volume  and  filtered.     A  few  milligrams 
H 

of  C^I^-C-O-COCglij         were  obtained.     Th3  material  was  too  small 

Cgfl^-C-0-COCgHg         in  amount  to  purify,  but  the  crude  material 
H 

gave  the  melting  point  of  300-210  .     The  filtrate  yielded  only  the 
usual  resinous  matter. 

Phenyl  Brom  Methyl  Benzoate  and  Magnesium. 

To  a  solution  of  42  grams  of  phenyl  brom  methyl  benzoate 
in  300  cc.  of  absolute  ether  were  added  25  grams  of  magnesium  pow- 
der in  three  portions,  during-  a  period  of  half  an  hour.  Apparently 
there  was  no  reaction  os  a  crystal  of  iodine  was  added  and  the  ma- 
terial refluxed  for  2-j?  hours.     The  ether  was  evaporated  in  vacuo 
and  a  melting  point  of  the  solid  thus  obtained  was  taken.     It  proved 
to  be  unchanged  phenyl  brom  methyl  benzoate. 

Weight  of  the  recovered  product-  33  grams. 

The  32  grams  of  phenyl  brom  methyl  benzoate  from  the  pro- 
ceeding reaction,  were  dissolved  in  300  cc.  of  dry  ether  and  10 


grama  of  magnesium  shavings  and~a^crystal  of  iodine  were  added.  The 
mixture  was  refluxed  for  seven  hours,  by  which  time  a  small  amount 
of  a  white  solid  had  separated.     The  solution  was  filtered  and  the 
magnesium  was  extracted  with  hot  benzene.     The  benzene  and  ether  sol- 
utions were  concentrated  separately  to  50  cc.   each,  and  the  sclid 
material  which  separated  filtered  off.     It  proved  to  be  unchanged 
phenyl  brom  methyl  benzoate.    On  evaporation  of  the  benzene  solution 
to  dryness  a  black  tarry  mass  was  obtained,  which  on  extraction  with 
sodium  hydroxide  solution,  yielded  benzoic  acid. 

weight  of  recovered  CbHg-C-0-CO . C0H5        8  grams 

Er 

weight  of  CGH5C00H  2  grams 

Phenyl  Brom  Methyl  Benzoate  and  Aluminum. 

41  grams  of  phenyl  brom  methyl  benzoate  were  dissolved  in 
300  cc.  of  dry  ether  and  31  grams  of  aluminum  ponder  were  added  in 
small  portions.     This  addition  required  about  h^lf  an  hour.  Within 
a  few  minutes  after  the  first  addition  a  small  white  precipitate 
was  observed,  but  there  was  no  noticeable  evolution  of  heats  The 
solution  color  el  gradually  till  it  became  dark  red.     After  one  and 
one-half  hours,  during  which  the  mixture  was  kept  well  shaken,  the 
aluminum  was  filtered  off  and  the  ether  evaporated  in  v^cuo.  The 
solid  which  separated  proved  to  be  unchanged  phenyl  brom  methyl 
benzoate.     This  was  redissolved  in  300  cc.  of  dry  ether  and  the 
aluminum,  together  with  six  grams  of  fresh  aluminum,  was  added,  and 
the  mixture  refluxed  for  four  hours.     After  filtering,  the  aluminum 
was  extracted  with  hot  benzene,  and  the  two  solutions  were  evaporat- 
ed separately,  in  vacuo.     Nothing-  separated  out  until  the  solutions 
were  evaporated,  to  dryness,  when  a  black,  gummy  material  was  obtain- 
ed.    On  extraction  with  petrol  ether,  this  resinous  substance  yield- 
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ed  benzoic  acid,  and  an  insoluble  tar. 

weight  of  CgHgCOQH  9  grams 

weight  of  tar  4  grams 

Reduction  of  Phenyl  Brora  Methyl  Benzoate  with  Aluminum  Amalgam. 

An  excess  of  aluminum  amalgam  was  added  to  a  solution  of 
30  grams  of  phenyl  brom  methyl  benzoate  in  200  cc.  of  absolute  ether 
to  which  50  cc.  of  ordinary  ether  had  been  added.     The  amalgam  be- 
came coated  quite  rapidly,  and  fresh  amalgam  had  to  be  added  from 
time  to  time.     After  about  six  hours  the  solution  was  filtered  and 
the  ether  evaporated.     The  oil  thus  obtained  was  fractional ed  in  vac- 
uo.    The  lower  boiling  fraction  w^s  redistilled  under  ordinary  pres- 
sure and  proved  to  be  b en z aldehyde,  B.P.  175-180°. 

The  higher  boiling  fraction  solidified  and  proved  to  be 
benzoic  acid,  M.P.  120-121°. 

weight  of  benzaldehyde  5  grams 

weight  of  benzoic  acid  2  grams 

VI.     REACTION  OF  PHENYL  BROfl  METHYL  BENZOATE  WITH  S0DIUIA  AND  POTAS- 
SIUM CYANIDES. 

Phenyl  Brora  Methyl  Benzoate  and  Sodium  Cyanide. 

A  petrol  ether  solution  of  14  grams  (1  mole)  of  phenyl 
brom  methyl  benzoate  and  a  water  solution  of  4.7  grams  (2  moles)  of 
sodium  cyanide  were  put  in  a  bottle  together  and  shaken  for  20  hours. 
By  that  time  a  considerable  amount  of  a  dark  red,  stringy  material 
had  separated.     This  wa3  filtered  off  and  the  two  solutions  separat 
ed.     On  evaporation  of  the  petrel  ether  solution,  in  vacuo,  a  white 
solid  was  obtained  which  proved  to  be  benzoic  acid. 

Weight  of  C6H5C00H  8  grams 
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Phenyl  3rom  Methyl  Ben 20 ate  and  Potassium  Cyanide. 

To  a  water  solution  of  2.3  grams  of  potassium  cyanide  were 
added  in  three  portions,  10  grams  of  phenyl  brom  methyl  benzoate. 
This  mixture  was  shaken  vigorously  for  several  minutes  when  it  sud- 
denly began  to  react  with  the  evolution  of  a  considerable  amount  of 
heat.    When  cold,  the  mixture  was  extracted  with  ether,  and  an  evap- 
oration of  the  ether  benzoic  acid  (M. P.  120°)  was  obtained. 

The  experiment  was  repeated,  using  the  same  amounts  of 
material,  but  keeping  the  temperature  down  by  means  of  an  ice  bath. 
After  about  twenty  minutes,  during  which  time  the  mixture  had  been 
shaken  vigorously,  the  contents  of  the  flask  were  extracted  with 
ether.     Benzoic  acid'  was  the  only  product  obtained  from  the  extrac- 
tion.    On  acidification  of  the  water  solution,  a  small  amount  of 
benzoic  acid  was  obtained. 

Weight  of  C6H5C00H  4  grams 

Phenyl  Brom  Methyl  Benzoate  and  Potassium  Cyanide. 

10  grams  of  phenyl  brom  methyl  benzoate  were  added  in  two 
portions  to  a  solution  of  2.3  srrams  of  potassium  cyanide  in  10  cc. 
of  w^ter.     flft2r  shaking  vigorously  for  fifteen  minutes,  during 
which  time  the  temperature  was  kept  down  by  means  of  an  ice  bath, 
the  contents  of  the  flask  were  extracted  with  ether.     On  evaporation 
of  the  ether,  only  benzoic  acid  was  obtained.     M.P.  119-130°. 

Phenyl  Brom  Methyl  Benzoate  and  Potassium  Cyanide. 

A  solution  of  14  grams  of  phenyl  brom  methyl  benzoate  in 
500  cc.  of  petrol  ether  and  one  of  6.2  grams  of  potassium  cyanide 
in  200  cc.  of  water  were  placed  in  a  bottle  together  and  shaken  in 
a  shaking  machine  for  3-*?  hours.     The  small  amount  of  sediment  that 
had  separated  was  filtered  off,  and  the  two  solutions  separated.  The 
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3olid  material  obtained  by  evaporation  of  the  petrol  at  her  in  vacuo, 
proved  to  be  unchanged  phenyl  brom  methyl  benzoate. 

T,'eigbt  of  recovered  phenyl  brom  methyl  benzoate-  10  grams. 

Phenyl  Brom  Methyl  Benzoate  and  Potassium  Cyanide. 

8  grams  of  potassium  cyanide  were  dissolved  in  50  cc.  of 
water  and  14  grarn3  of  phenyl  brom  methyl  benzoate  were  dissolved  in 
150  cc.  of  alcohol  free  ether,  and  the  two  solutions  were  shaken  to- 
gether in  a  shaking  machine  for  3-|-  hours.     The  two  layers  were  sep- 
arated and  the  ether  layer  evaporated.     Only  benzoic  acid  was  obtain- 
ed.   LI.?.  120-121°. 

VII.  REACTION  OF  PHENYL  BROM   .!ETTJYL  BBf ZOAf E-PTHID IlffE  AWl)  TRIMFT^YL 
AMINE  ADDITION  PRODUCTS  WTfR  BENZOIC  ACID. 

Phenyl  Brom  Methyl  Benzoat  e-?yridine  Addition  Compound  and  Benzoic 
Acid. 

7  grams  of  the  addition  compound  and  2.3  grams  of  benzoic 
acid  ware  mixed,  without  solvent,  in  an  Erlenmeyer  flask  and  heated 
for  8  hour 3  on  a  steam  cone,  at  which  temperature  the  mixture  was 
fused.     The  oil  thus  obtained  was  allowed  to  stand  over  night  when 
it  was  washed  with  water  and  5$  NaOH.     The  residue  was  r ecrystalliz- 
ed  from  petrol  ether,  and  was  found  to  be  the  dibenzoate  of  benzal- 
dehyde.     M.P.  52-60°. 

The  NaOH  solution  yielded  1  gram  of  CgligCOOH  on  acidifica- 
tion. 

H  0 

Yield  of  CsH5C-0-C-C6H5  .5  gram. 

Lo-c- 

0 


"C6H5 


Phenyl  Brom"  Methyl  Benzoat e-Pyridine  Addition  Compound  and  Benzoio 
Acid. 

25  grams  of  the  addition  compound  and  3.2  grains  of  benzoic 


ft- 


i 


^cicL  were  mixed  without  solvent,  in  a  round  bottomed  flask,  which 
•..as  stoppered  and  equipped  with  a  calcium  chloride  tube  and  a  ther- 
mometer, the  bulb  of  which  dipped  below  the  surface  of  the  mixture. 

The  mixture  was  then  heated  on  an  oil  bath  kept  at  140  .  Comrlete 

o  o 

fusion  of  the  material  took  place  below  100  ,   cut  at  135  ,  it  sud- 
denly deposited  a  considerable  amount  of  solid  material.     The  heat- 
ing was  continued  for  three  hours  altogether,     "lien  cold,  the  semi 
solid  material  was  extracted  with  dry  ether.     The  ether  extract  was 
washed  with  dilute  sodium  carbonate  solution  and  4  grams  of  benzoic 
acid  (ii.P.  119°)  were  obtained.     The  oil  obtained  by  evaporation  of 
the  ether  was  fractionated  and  benzaldehyde  (B.P.  175-130°)  and  a 
high-boiling  liquid' were  obtained.     On  standing,  this  high-boiling 
fraction  solidified,   and  proved  to  be  the  dibenzoate  of  bensalde- 
hyde,  (:.!.?.  60-61°). 

The  solid  material  which  separated  from  the  reaction  mix- 
ture proved  to  be  pyridine  hydrobromide. 

weight  of  CgH^COOH  4  grams 

weight  of  CRH5CH0  3  ;xrams 

H 

weight  of  C3H5-i(0-C0-CGH5)2  3  grams 

Phenyl  Brom  L-Iethyl  Ben :*oat e-Trimethyl . .Amine  Addition  Compound  and 
Benzoic  Acid. 

A  mixture  of  5  grams  of  the  addition  compound  and  an  equi- 
molecular  amount  of  benzoic  acid  were  heated  on  a  steam  cone  (at 
which  temperature  the  mixture  was  fused)  for  twenty-f our  hours.  Af- 
ter cooling,  the  material  was  extracted  with  dilute  sodium  hydrox- 
ide solution,  washed  with  water,  and  r ecrystallized  from  petrol  eth- 
er.    The  substance  thus  obtained  proved  to  be  benzaldehyde  dibenzo- 
ate  (M.P.  61-62°). 

Weight  of  Product-  1  grain. 
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VIII.  REACTION  OF  PHENYL  BROM  METHYL  BEN20ATE  WITH  POTASSIUM  HYDRO 
IDE  AND  ALKALI  SALTS  OF  ORGANIC  ACIDS. 

Phenyl  Erom  Methyl  Benzoate  and  Potassium  Hydroxide. 

10  grams  of  phenyl  brom  methyl  benzoate  were  dissolved  in 
150  cc.  of  absolute  ether  and  an  absolute  ether  suspension  of  10 
grams  cf  powdered  potassium  hydroxide  was  added.    The  mixture  was 
shaken  at  intervals  for  two  hours  and  allowed  to  stand  over  night. 
After  filtering,  the  ether  was  evaporated  and  the  oil  thus  obtained 
was  distilled.     It  proved  to  be  benzaldehyde  (B.P.  177-180°). 

The  white  solid  that  had  been  filtered  off  was  dissolved 
in  water,   and  on  acidification  with  hydrochloric  acid,  benzoic  acid 
was  precipitated  (M.P.  130-131°). 

weight  of  C5H5CHO  3  grams 

weight  of  CHr-COCH  4  sram3 

Phenyl  Erom  Methyl  Benzoate  and  Potassium  Benzoate, 

10  grams  of  phenyl  brorn  methyl  benzoate  were  dissolved  in 
absolute  ether  and  an  absolute  ether  suspension  cf  one  mole  of  po- 
tassium benzoate  was  added.     The  mixture  was  shaken  at  intervals  tor 
three  hours  and  allowed  to  stand  over  night.     The  solid  was  filter- 
ed off  and  the  ether  evaporated,  but  only  phenyl  orom  methyl  benzo- 
ate was  obtained. 

Phenyl  Brom  diethyl  Benzoate  and  Potassium  Benzoate. 

3.7  grams  of  potassium  benzoate  were  dissolved  in  as  small 
an  amount  of  water  as  possible  and  5  grams  of  phenyl  brom  methyl 
benzoate  were  added.     The  mixture  was  well  shaken  and  allowed  to 
stand  for  3ix  hours.     The  contents  of  the  flask  were  extracted  with 
ether  and  the  ether  solution  evaporated  to  dryness.     A  solid,  smell 
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ing  etrongly  of  benzaldehyde  was  obtained,  and  was  found  to  melt  at 
115-120°.     This  material  was  extracted  with  dilute  sodium  carbonate 
solution  and  the  insoluble  oil  removed  With  ether.     The  alkaline 
solution  yielded  4  grams  of  benzoic  acid,   and  the  oil  from  the  eth- 
er solution  gave  a  pure  white  sodium  bisulfite  addition  compound, 
proving  it  to  be  benzaldehyde. 

Phenyl  Brom  Methyl  Ben  zo  ate  and  Sodium  Acetate. 

To  a  solution  of  1.4  grams  of  sodium  acetate  in  a  very 
small  amount  of  water  were  added  five  grams  of  phenyl  brom  methyl 
benzoate.     After  shaking  the  mixture  thoroughly,  it  was  allowed  to 
stand  for  six  hours,  when  it  was  extracted  with  ether  and  the  ether 
solution  evaporated.     The  solid  thus  obtained  melted  at  110-118° 
and  smell ed  strongly  of  benzaldehyde.     It  was  treated  with  dilute 
sodium  carbonate  solution  and  the  insoluble  oil  removed  with  ether. 
The  alkaline  solution  yielded  2  grams  of  benzoic  acid.    On  evapora- 
tion of  the  ether  an  oil  was  obtained  which  gave  a  pure  white,  sol- 
id, 3odium  bisulfite  addition  compound,  showing  it  to  be  benzalde- 
hyde. 
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V.     S  U  M  M  A  R  Y 

The  addition  of  aromatic  acid  halides  to  aromatic  alde- 
hydes is  a  general  reaction,  as  shown  by  the  large  number    of  con- 
densation products  which  have  been  prep- red  from  both  substituted 
and  unsubstituted  acid  halides  and  aldehydes.    As  a  rule  the  products 
formed  from  acid  bromides  are  solid  substances,  although  in  some 
cases,  particularly  when  positive  substituents  are  present  in  the 
molecule,  oils  are  formed.     These  oils  can  be  shown  to  be  the  simple 
addition  product,  for  on  treatment  with  pyridine  an  addition  reac- 
tion takes  place  which  is  characteristic  of  the  acid  halide-aldehyde 
addition  compounds. 

The  addition  takes  place  much  more  readily  in  the  aro- 
matic than  in  the  alifatic  series.     In  the  former  case,  the  sub- 
stances react  at  room    temperature,  while  in  the  latter  series  it 
is  necessary  to  reflux  the  materials.     Fused  zinc  chloride  has  been 
found  efficient  in  catalyzing  many  of  the  reactions  in  both  series. 
Substituting  groups  exert  a  decided  influence  upon  the  ease  with 
which  individual  members  react  as  well  as  upon  the  stability  of  the 
products  formed.     Thus,  negative  substituents  tend  to  retard  the 
speed  of  reaction,  and  usually  produce  more  stable  substances,  while 
positive  substituents  hasten  the  reaction,  and  the  products  are  more 
unstable.     Acid  chlorides  react  slower  than  acid  bromides,  and  show 
a  greater  tendency  to  form  oils.    The  reactions  of  acid  chlorides 
are  also  characterized  by  a  tendency  to  form  semi-solid  products 
from  which  unchanged  acid  chloride  and  aldehyde  can  be  extracted. 

The  structure  of  the  substances  formed  from  the  action 

of  aromatic  acid  halides  on  aromatic  aldehydes  was  shown  by  Adams 
23 

and  Volwiler  '  to  be  a  simple  addition  of  the  a  did  halide  to  the 
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aldehyde  carbonyl  group,  the  halogen  going  to  the  aldehyde  carbon. 

The  acid  halide-aldehyde  addition  compounds  show  two 
types  of  reactions,  in  some  cases  acting  as  a  mixture  of  acid  hal- 
ide  and  aldehyde,  and  in  others  the  reaction  is  characteristic  of 
the  addition  product.     Thus,  with  primary  and  secondary  alifatic 
amines,  the  benzoyl   b romide-benzaldehyde  addition  compound  behaves 
as  a  simple  mixture,  producing  substituted  benzamides,  benzaldehyde 
and  the  amine  hydrobromide.    With  tertiary  alifatic  amines  and  pyri- 
dine, addition  products  are  formed. 

With  primary  aromatic  amines,  benzoic  acid  and  benzyli- 
dene  anilines  are  formed,  while  secondary  and  tertiary  aromatic 
amines  produce  dyes  of  the  triphenyl  methane  series. 

Concentrated  aqueous  solutions  of  potassium  cyanide, 
potassium  benzoate,  potassium  acetate,  and  potassium  hydroxide  com- 
pletely hydrolyze  the  addition  compound.    Aluminium  amalgam  in  moist 
ether  also  decomposes  the  phenyl  brom  methyl  benzoate  with  the  form- 
ation of  benzaldehyde  and  benzoic  acid. 
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